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| HE American dollar goes an amazing 
| way in Europe now. Magnificent hotel 
suites, In many countries, may be had for 
the price of a hall bedroom at home. Din- 
ners in restaurants famous the world over 
may be had at lunchroom prices. 

With prudent spending almost any 
American can have the vacation of his life 
in Kurope now on the savings of but a 


It Costs Less Now to See Europe 


ing interest of Old Europe remains— Historie 
Rome; brilliant Paris; the New Middle 
Europe; the Riviera; the Alps; a hundred 
other fascinating spots. 


U. S. Government passenger ships are 
now among the finest afloat. Your memory 
of the luxury and service of the George 
Washington, the America, and other ships 
of the fleet, will be a lasting pleasure. Sate- 





few months. 
And there’s mere tosee! Old 


Boy 
i 


is in the making. Yet the absorb- _ U™¢4™« 


guarded by an American crew, 
served the finest food, luxuriating 


Europe has been tremendously United States Lines among the most modern comforts, 


‘ . S 45 Broadway, New York City . . Fa 
stirred by the war. A New Europe  ™ moore and iteCormact, In the beginning and the end of your 
Roosevelt Steams _— : 


vacation should be flawless. 





Write for Booklet 


Your Government wishes the name of 
every prospective traveler. If you are con- 
sidering an ocean voyage anywhere, send 
the information blank now—no matter 
when you intend to go. You will receive 
without cost the Government's booklet of 
authentic travel information about pass- 
ports, income tax r¢ quire ments, ete.; 
descriptions of ships and other literature. 
You will be under no obligation. 


If you yourself cannot take an ocean 
trip, clip the information blank anyway 
and give it to a friend who is considering 
the possibility. Do not send the blank for 
your friend; simply give it to himto send. 
Thus you too will help build the American 
Merchant Marine. 
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INFORMATION BLANK 
To U. S. Shipping Board 
Information Sectien, Washington, D.C, 
J. S. 2163 
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The Mission of Ordnance Field Service 


By 


GEO. W. BURR 


Brigadier General, Chief of Ordnance Field Service 
Member A. O. A 


N writing a foreword for this number of Army 
ORDNANCE, | desire to refer briefly to subjects 
of current and major importance. As I view the 
situation at the present time, the matters that are of 
most concern in the minds of those responsible for 
the military establishment are the necessity for the 
strictest economy in military expenditures and the 
utilization to the utmost extent possible of the Reg- 
ular Army personnel in the development, instruction 
and training of the National Guard and Organized 
Reserve components of the United States Army. 
The Mission of the Ordnance Field Service is the 
‘‘Supply, inspection, maintenance and improvement 
of such materials as may be allotted to the Ordnance 
Department for supply.’’ Its duties and responsi- 
bilities are further defined by War Department or- 
ders which also provide the necessary facilities and 
personnel for its operation. One of the most insistent 
demands of the War Department, and in fact of the 
higher command, has been for the exercise of the 
strictest economy in all military expenditures. In a 
survey of the current activities of the Ordnance Field 
Service, it is interesting to note what degree of 
success that service has. attained in complying with 
this requirement for economy. During the past year 
the duties and the responsibilities of the Ordnance 
Department in reference to the care and maintenance 
of matériel committed to its charge have not been 
materially lessened. Rather, the disbandment of reg- 
ular army organizations, consequent upon the redue- 
tion of army personnel, and the evacuation of camps 
and other stations, have resulted in turning over to 
the Field Service for care, repair and storage a large 
amount of matériel entailing an unusual quantity of 
work. The Field Service has met the additional de- 
mands thus made upon it and has placed the matériel 
in permanent or semi-permanent storage and at the 
same time has been enabled to make material reduc 
tions in the personnel engaged and funds required. 
On Mareh 1, 1921, the total number of civilians en- 
vaved on Field Service work and carried on Field 
Service pay rolls at the 39 stations under its control 
was 6,739, and the total expenditure for these civilians 
during the month of February, 1921, was $770,745.00. 
On March Ist, 1922, the total civilian personnel ear- 
ried on the Field Service pay rolls at these same sta 


tions was 1,741 and the corresponding total pay roll 


for the month of February, 1922, was $177,400.00, 
These figures indicate a reduction of approximately 
74 per cent in numbers employed and a pay roll 
saving at an annual rate of $7,120,140. It should be 
understood that this remarkable showing has been 
accomplished through the splendid co-operation of 
the personnel of the Ordnance Field Service with- 
out undue sacrifice of efficiency and is in itself strik- 
ing evidence of the efficiency and effective co-opera- 
tion with which the Field Service is carrying out the 
economical policies of the War Department. 

Of course, these reductions and economies have been 
in part accomplished by the completion of projects 
in progress at the earlier date, but it is the general 
experience of those who have charge of Government 
work of the kind in question that it frequently re- 
quires more executive ability and push to bring about 
the actual final completion of work in hand than it 
does to initiate a project or to carry it along. The 
energy with which officers of the Field Service have 
achieved these results is most commendable. 

The sale or other disposition of surplus and ob- 
solete stores is closely allied with Field Service 
activities, and during the past year has shown equally 
satisfactory results. In the month of February, 1921, 
the payroll for civilian personnel engaged in salvage 
work aggregated $136,882, and the average monthly 
monetary return to the Government from the sale of 
stores at that time was $2,100,000. (This average is 
taken for the three months ending February 28, 1921.) 
In February, 1922, the Salvage Board pay roll com- 
plete aggregated $25,584, and the average monthly 
monetary return to the Government for stores sold 
was $1,500,000.00 for the three months ending Febru- 
ary 28, 1922. In other words, in February, 1921, it 
was costing the Government $1.00 in hired labor to 
sell $15.34 worth of property, while in February, 1922, 
this figure had been increased to $58.63 per dollar of 
labor overhead. Where figures so impressively indi- 
cate increased economy and efficiency in the conduct 
of public work further comment is unnecessary. 

This requirement for economy in all publie work 
and all expenditures is a continuing one. The neces- 
sity for economy is urgent and the demand for it is 
universal and insistent. It is, therefore, incumbent 
upon Field Service officers to continue and if possible 
better their excellent record in this matter. In the 
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past year the Service has been hampered by lack of 
available funds in carrying out some of its projects 
for 


project for the evacuation of certain temporary stor- 


reduced expenses. I refer particularly to the 


age depots. This shortage of funds for transportation 
purposes which would enable the service to move to 
permanent storage certain reserve stores, now stored 
in temporary depots, which stores must ‘be retained, 
at this writing seems to be in process of correction. 
If the funds for the purpose are made available, as 
now anticipated, Field Service will be in position to 
evacuate the Ordnance Depots at South Amboy, Ham- 
monton, and Westville, New Jersey; Middletown and 
Tullytown, Pennsylvania; Seven Pines and Penniman, 
Virginia ; Sparta, Wisconsin, and Toledo, Ohio. These 
stations will then be abandoned and disposed of and 
the service enabled to show a further considerable re- 
duction in personnel and expenditures as well as 2 
substantial return from sale of abandoned property. 

Another matter which is also of immediate and con- 
tinuing importance and which is perhaps not suffici- 
ently understood, is that of the relations of the reg- 
ular Field Service, and in fact of all regular Ord- 
nance Department personnel, to the other components 
of the United States Army. It be too fre- 
quently emphasized that the United States Army is 
by law composed of the three co-ordinate components : 
the Regular Army, the National Guard, and the Or- 
ganized Reserves; and the Ordnance Department of 
the United States Army is composed of the Ordnance 
personnel of the Regular Army, of the National 
Guard, and of the Organized Reserves. The law pre- 
scribes the conditions under which each of these com- 
ponents is required to perform duty. When on duty 
all are in exactly the same status as to authority, 
responsibility, pay and allowances, but a fundamen- 
tal difference between the Regular component and 
the other two components lies in the fact that the 
Regular pursues his profession as a livelihood, while 
for the National Guard or Reserve Officer, the mili- 
tary profession is an avocation entered upon usually 
at personal expense and sacrifice and from a sense of 
<ivie or patriotic obligation. An important mission 
of the Ordnance Officer of the Regular Army is the 
anstruction and training of the Ordnance contingent 
of the other two components of the United States 
Army. The officers of these two components acquire 
their military knowledge and training under difficul- 


cannot 


ties, and it is of the utmost importance that the reg- 
ular officer have such an appreciation of the fact as 
to lead him to adopt a sympathetic and helpful atti- 
tude in the instruction of officers of the other com- 
ponents. 

The acquiring of knowledge of Ordnance matériel 
and methods from the study of pamphlets and orders 
is a laborious process, which will be much lessened 
by an opportunity to examine the matériel or witness 
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The Ordnance Field Ser- 
vice stations are widely scattered through the country 


the methods in operation. 


and, therefore, afford an excellent opportunity for 
reserve officers to inspect and study such matériel as 
may be stored at these establishments, or to witness 
in practical operation the Department’s methods of 
doing business. It is much to be desired that all Ord 
nance Officers seek out and become acquainted with 
the National Guard and Reserve Ordnance Officers in 
the vicinity of their stations and invite them to visit 
the stations for the purpose of studying matériel and 
methods. They should be made to understand that 
they will be always welcome and afforded every facil 
ity for acquiring knowledge of Ordnance subjects 
and when such officers do visit the stations, Command. 
ing Officers and others should be on the alert to see 
that their visitors’ reasonable expectations of sympa- 
thetic attention and assistance are not disappointed. 
If the visiting officer is made to feel that he is wel- 
come, that he is not trespassing but has a right to 
visit the station because he is a part of the Ordnance 
Department personnel, and if he leaves with a feeling 
that his visit has been made worth while, he will prolb- 
ably return at the first opportunity and in this way 
the Regular personnel will have made a decided step 
in carrying out its duty of assisting in the instruction 
and training of the Ordnance Officers of the other 
components of the Army. I here emphasize again the 
fact that this affording reserve officers in the manner 
suggested opportunities to acquire Ordnance knowl- 
edge at Field Service stations is a military duty of 
the regular officer and a most important duty and 
should be performed with all courtesy, and the results 
will depend largely upon the thoroughness with which 
the regular officer performs this duty. 

In connection with the subject of instruction and 
training of the Ordnance contingents in the National 
Guard and Organized Reserves, the War Department 
has extensive plans for calling into training camps 
during the coming summer contingents of these forces. 
Of course, the numbers that can be so ealled out are 
largely dependent upon the funds available, but it is 
the hope and expectation of the Ordnance Depart- 
ment that a reasonable proportion of Ordnance per- 
sonnel will be included in whatever forces are so as 
sembled for instruction and training. If funds are 
available, certain Ordnance Officers’ camps or schools 
may be established at important Ordnance establish 
ments, to which camps or schools Ordnance Reserve 
Officers may be called for a limited period of train- 
The plans are not sufficiently formulated to 


ing. 
permit definite statements to be made on this subject. 
Whatever plans are adopted, it is desired to emphasize 
again the duty and responsibility devolving upon 
officers of the Regular establishment in connection 
with the conduct of these schools and in fact in all of 
their contacts with Ordnance Reserve Officers. 
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C. A. SCHIMELFENIG 


Member A 


N the January-February, 1921, number of Army 

OrpNANCE Colonel ix. B. Harmon, Ordnance Depart- 

ment, deseribed the post-war organization of main- 
tenance activities. This deseription was based on war- 
time experience. Another year has passed and during that 
time many points have arisen bearing on maintenance of 
ordnance equipment. Our ideas are more erystallized and 
have the experience of peace-time conditions as a_back- 
ground. 

The Maintenance Division of the Ordnance Department 
corresponds to the Serviee Department of a large manu- 
faecturer of motor equipment. Its duties are essentially 
the same and its organization is not dissimilar. The prin- 
cipal funetions of the Maintenance Division are four in 
number: First, the overhaul of matériel in preparation 
for permanent storage; second, maintenance of matériel 
in storage; third, determination of requirements for spare 
parts; fourth, maintenance of matériel in the hands of 
troops. 


Overhaul. 


The overhaul of ordnance matériel in preparation for 
permanent storage corresponds to factory re-building of 
motor vehicles. The vehicle, the gun, or carriage is dis- 
assembled, cleaned and all parts carefully inspected. 
Parts which show signs of appreciable wear are replaced 
by new parts and the piece of equipment is rebuilt. Ad- 
vantage is taken of this disassembly to apply all author- 
ized modifications. It is then tested and after careful in- 
spection is prepared for long storage. 

An idea of the extent of this re-building may be gained 
from the fact that at Rock Island Arsenal an average of 
$215.00 worth of spare parts was required for each tractor 
overhauled. 

Maintenance in Storage. 


In a commercial organization an effort would be made 
to dispose of re-built equipment. However, in the 
Ordnance Department guns, carriages, tractors, rifles 
and other equipment are not surplus. The cost of main- 
tenance in storage ver year amounts to about four one- 
hundredths (.04) of one per cent of the- value of small 
arms in storage and about seven one-hundredths (.07) of 
one per cent of the value of mobile artillery matériel in 
storage. Matériel in storage constitutes a most important 
item of preparedness insurance and the percentage of its 
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value spent in maintenance in storage is believed to be a 
very reasonable premium to pay for such insurance. 


Pa pare Parts 


The prompt supply of spare parts is a most necessary 
adjunet to maintenance of matériel. Many parts for 
motor equipment and a few parts for guns, carriages and 
machine guns can be made by use of the facilities avail- 
able in Ordnance repair shops, but only at the expense 
of a great deal of time and labor. Many parts cannot be 
made or improvised locally. The manufacture of parts, 
localiv, requires additional mechanies skilled in various 
trades. These mechanics are increasingly difficult to ob- 
tain. Some parts ean be reclaimed by acetylene welding 
and this should always be done in order to decrease the 
eonsumption of parts. When ample parts are available, 
repair becomes largely a question of suitable mechanics 
to apply the parts and the problem of field maintenance 
is materially simplified. 

A eareful consideration of all items of ordnance equip- 
ment will show that an immense variety of parts are re- 
quired to be kept in stock. There are some 2700 parts on 
a 5-ton tractor alone. There is about the same number on 
a 10-ton tractor. There is a larger number of parts on 
each of the types of tanks in service and so on through the 
whole range of ordnance equipment. A proper supply 
of spare parts for all types of ordnance equipment is an 
intricate problem. Unfortunately, no human being can 
foresee ail the demands for spare parts which will arise 
over a given period. This applies particularly to the case 
of new vehicles. It is an accepted principle that the first 
vehicle of a new type produced should be accompanied by 
a reasonable supply of spare parts. Each succeeding 
vchicle should earry with it a proportionate share of a 
supply of parts. A new vehicle introduced without a 
stock of spare parts soon becomes useless because break- 
ages are bound to oeceur. 

A large supply of spare parts for most items of ord- 
nance equipment was 2eccumulated during the war and im- 
mediately after. These stocks frequently become unbal- 
anced and it is necessary to procure an additional supply 
of various items. It is the policy of the Ordnance De- 
partment to anticipate these shortages and procure during 
one year the parts which will be required for issue during 
the succeeding year. This anticipation of shortages will 
permit a prompt supply of parts upon requisitions. A 
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careful tabulation is prepared at the issuing arsenals listing 
every part pertaining to any one piece of equipment. 
‘the number of each kind of part on hand, the number 
issued during the preceding year, and the number which 
must be procured to meet the probable demands for the 
coming year are tabulated. Orders are then placed to meet 


these probable requirements. These estimates, however, 














ARTILLERY REPAIR TRUCK 


Provided with a 4 K. W. generator set, a 9-inch lathe, a drill press, 
an air compressor and an assortment of small tools; used by both 
heavy and light repair shops. 


are frequently rendered inaccurate by the abandonment 
of camps, by the necessity for initial stocks in the camp 
depots and by the use of spare parts in overhaul. It is 
believed, however that the procedure outlined above will 
become more reliable during succeeding years as the army 
stabilizes. 

The Ordnance Department recognizes the necessity for 
furnishing sets of spare parts to organizations to per- 
mit them to make repairs to ordnance equipment in their 
hands. Some of these parts are furnished to the organ- 
ization while others ere furnished with each piece of 
equipment. This policy recognizes the necessity for or- 
ganizations to be in position to replace parts which be- 
ecme defective. The parts so furnished are those which 
ean be replaced by means of the facilities provided within 
the organization. 

The Ordnance Department will maintain in the eamp or 
post Ordnance Depot an ample supply of all parts which 
may be required for the repair of equipment at that 
station. Defective or damaged parts replaced by an 
organization should be returned to the post .or camp 
Ordnance Depot and there exchanged for new parts. This 
procedure will result in keeping the sets filled with 
serviceable parts and will also permit the salvage of 
many parts not completely worn out. These sets of parts 
should accompany the organization on its marches or 
maneuvers. 

Machine tool equipment is not issued direct to organiza- 
tions because it is felt that the number of men competent 
to operate such facilities are limited, and these men should 
be placed where they will do the most good to the greatest 
number. Moreover, it is the duty of the Ordnance 
Department to furnish parts as required and if parts 
are not available in stock then it becomes the duty of 
the shops to manufacture such parts to meet urgent re- 
quirements. 

An indication of the volume of spare parts required 
may be gained from the fact that for ten months of the 
1921 Island Arsenal issued 292,531 parts for 
5-ton These parts weighed 863,400 pounds 


Roek 


tractor. 


year 
the 


and represented a money value of $482,610. These parts 


were not all consumed ‘by the service because a consider- 
able portion represents stocks at posts, camps and stations, 
Once these initial stocks are established the requirements 


for parts should decrease. 


Maintenance of Matériel in the Hands of Troops. 


Repair shops manned by Ordnance Maintenance Com- 
panies or Ordnanee Detachments are provided for each 
large station and at each coast defense. 
stitute service stations for the Ordnance 
Their facilities are available for use by the service in 


These shops con- 
Department. 


maintaining their equipment. 

Assuming an ample supply of spare parts as outlined 
wbove, maintenance in the hands of troops becomes largely 
a question of facilities and personnel. The Ordnance De- 
partment furnishes to these shops machine-tool and hand- 
tool facilities which are believed to be adequate for all 
contingencies. Suitable shops to house these 
‘ecilities are neeessary. ‘These buildings should be pro- 
vided by the Commanding Officer of the camp or station. 
The Ordnanee Department is legally unable to spend for 
buildings at line stations any of the money appropriated 
by Congress to the Ordnance Department. Suitable build- 
ings have been provided by the Coast Artillery Corps at 
coast defenses for the ordnance repair shops. Unfortun- 
ately this desirable condition does not exist at some of the 
other stations. It goes without saying that a considerable 
loss of efficiency results when the machine shop, tractor 
shop, small arms shop and depot are widely seattered. 
Time is lost by the men in going back and forth for 
needed parts and the supervision that can be given is 
meager at best. One of the best means of increasing the 
efficiency of operation of a repair shop is to gather the 
separate shops under one roof. The quality and quantity 
of work immediately rises under more nearly ideal condi- 
tions. Heat and light in repair shops are a recognized 
necessity in any commercial plant and are certainly de- 


possible 


sirable in a repair shop manned by enlisted personnel. It 
is a fact which ean be easily verified that more criticisms 
on the performed by maintenance organizations 
are from stations where suitable shop build- 


work 
received 

















REPAIR TRUCK FOR SMALL ARMS AND EQUIPMENT 
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OFFICE TRUCK (H.M.O.R.S.) 
Office of Shop Commander of a Heavy Mobile Ordnance Repair Shop 


Given desirable working conditions, the question of 
proper maintenance becomes one of personnel. The Army 
in time of peace does not have within the ranks of re- 
eruits those excellent mechanies which it had during the 
war. It is necessary to continually train newly enlisted 
‘men to perform the duties of those who are leaving the 
service. Every repair shop should inaugurate a system 
of schooling within its own shops. Every enlisted man of 
an organization should be taught to perform mechanical 
work. The best men of a shop can well be assigned 
to duty as instructors. Production may suffer for a few 
months but the results obtained later will outweigh any 
slowing up of the work during the first period of instruc- 
tion. The thought should be constantly instilled in the 
minds of enlisted men of a Maintenance Company that they 
are mechanics. They should be treated as such and it will 
be found that a few words of praise judiciously administered 
will help the morale of the organization. A man working in 
a repair shop is more apt to be damned than commended. 
The faults in his work are always more apparent than the 
good points. It takes a cheerful disposition to keep a man 
content when the breaks seem to be going against him. 

Every man forming 2 part of a maintenance organiza- 
tion must be inculeated with the idea that he is a part 
of a service station. The success of the shop is measured 
directly in terms of the suecess of the unit being served. 
Criticism by the mechanies against the using service must 
be eliminated. The Commanding Officer of the shop is 
the only one entitled to enter any eriticism against the 
using service and this must be done to the proper Com- 
manding Officer and then only in rare cases and as a 
matter of instruction. The damage has been done and 
little good is obtained by criticising those responsible for 
such damage. The job must be repaired and placed back 
in service. We are all human and all of us make fre- 
quent mistakes. In spite of the most careful examination, 


PARTS AND STOCK ROOM BIN TRUCK (H.M.O.R.S.) 
Contains two double rows of bins for reception of parts and stock 


faulty work will get out of the shop and will result in 
bitter criticism by the user if the shop has been guilty of 
a breach of this rule. 

Every good mechanic in the organization must be under- 
studied by several less able men. No shop which is de- 
pendent upon a few men can produce results. Men should 
be kept on the same job until they are entirely proficient 
and every department of the shop must have at least one 
man who is proficient in that specialty. It is believed 
desirable to rotate men from one branch of the work to 
another in order to round out their experience, but men 
should not be shifted from any particular class of work 
until they have trained a suitable successor. In case any 
breakdown of the suecessor is apparent, then the original 
man should be returned to the job. 

One of the most important features in connection with 
the operation of a repair shop is the inspection system. 
A elose inspection should be made of all articles of equip- 
ment turned in by organizations for repair. This inspec- 
tion is particularly necessary in the case of motor vehicles, 
guns, and earriages and should constitute a careful check 
of missing aceessories. All items of equipment left on 
the vehicle should be noted on the inspection report as 
well as damage to such parts as fenders, headlights, dents 
in the body, ete. This inspection should be made in the 
presence of the person delivering the job to the shop. A 
cheek should be made when the job is returned in order 
that all items of equipment on the vehicle when it was 
delivered are placed back on it before return. Shortages 
of non-expendable items of equipment should be noted on 
this report. This action is necessary because non-expen- 
dable items placed on any vehicle must be issued on a ship- 
ping ticket to the organization responsible for that vehicle. 

It has been found that a careful final inspection is a 
most important feature in connection with the operation 
of repair shops. The final inspector in addition to being 
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TOOL ROOM TRUCK (H.M.O.R.S.) 


Contains a complete assortment of tools, a key bitting machine and an 
electric driven cutter and drill-grinder 








AIR COMPRESSOR TRUCK (H.M.O.R.S. 


ngersoll-Rand 6 by 6-inch duplex type semi-portable ai: 
driven by 4-cylinder Wisconsin engine 
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the best mechanic available should have a great: amount 
of force and fearlessness. If the final inspector is efficient 
in his work, he will probably become the most unpopular 
man in the organization It is necessary for him to per- 
senally test every job produced by the repair shop and 
to satisfy himself that the job is all that can be done in 
the way of satisfactory repair. He personally should drive 























LATHE TRAILER (H.M.O.R.S.) 


Lathe with 6-foot centers; 
is provided to assist in handling heavy pieces 


18-inch 


on the road every tractor turned out by the shop. He 
must not let a single item go until he is satisfied with its 
perfection. He must noi hesitate to return to the shop for 
further repair any item of equipment which does not 
measure up to the proper standards. There unquestion- 
ably will result frequent arguments with the mechanies. 
These arguments need not be of lengthy duration because 
the inspector must receive the constant support of 
the shop commander. If the shop commander cannot, for 
any reason, back his inspector to the limit, then he should 
obtain another inspector. More just complaints have 
been made by the using service on the faulty work turned 
out by the repair shop than on any other feature of its 
operation. ‘The repair shop seldom hears of its good work. 
It always hears of the defective work. By redueing to a 
minimum the defective work turned out, the shop re- 
duces criticisms directed against it to a minimum and 
enjoys a life of relative harmony. A careful final in- 
spection system will undoubtedly result in less production 
but it is believed that the personnel of the shop deserves 
more credit for work well done than it does for a quantity 
of work poorly performed. 

An ordnance repair shop should only receive work which 
it has facilities to perform within a reasonable period. 
The line organizations have places provided for the storage 
of all equipment in their possession. Few of the repair 
shops have facilities for the storage of unserviceable equip- 
ment awaiting repair. If a shop accepts more work than 
it can perform in a reasonable time, it is always charged 
with the delay that ensues while the equipment is waiting 
its turn to go into the shop. 

At times it seems as if organizations can break equip- 
ment faster than the shop ean repair it. When this con- 
dition arises a frank discussion with the Commanding 
Officer of the Post is most necessary. A temporary de- 
erease in the use of the equipment may be advisable or a 
temporary increase in the repair shop by the loan 
of qualified mechanics from the using organizations may 
be desirable. No objection should exist to this latter 
procedure because the ordnance repair, shop exists for the 
repair of equipment of the using organizations. If the 
shop is overcrowded with work and activities continue, 
an increasing amount cf unserviceable equipment is in- 
evitable. This in itself tends to reduce the amount of 
equipment in service but probably will not reduce the 
amount of service given each remaining item. 





a crane with an over-head trolley 
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Service Inspections. 


Inspection of matériel in the hands of troops will al- 
ways be a most important function of Ordnance Officers 
on duty with line organizations. These inspections serve 
two very useful purposes. First, they furnish to the 
Commanding Officer a report on the mechanical condi- 
tion of his ordnance equipment. Second, minor repairs 
are made on the spot, obviating a necessity for extended 
repairs at a later date. Officers and men making these 
inspections should be carefully coached in their duties, 
The inspection of Rifle Companies should be as quick and 
snappy as possible in order to show line organizations 
that mechanical functions can at times be carried out with 


military precision. A complete schedule of inspection 
should be pre-arranged with organization commanders, 


The inspectors should be on the job at the time specified in 
order to avoid delaying a number of men who could prob- 
ably be utilized on other work. Inspectors should avoid 
criticisms of personnel. A written report should be 
furnished the Company Commander through the Regi- 
mental Commander on the condition of the equipment. 
Cases of neglect should be reported and _ fur- 
ther inspection made within a reasonable time to insure 
Organization 


gfToss 


that corrections indicated have been made. 
commanders with their equipment in good shape should 
never fear such inspections. Commendations should be 
bestowed where appropriate, and eriticisms should be re- 
Such repair work as the inspectors 


These in- 


stricted to a minimum. 
are able to make should be 
spections when carefully made instil a renewed contidence 
in his equipment in the mind of the user. The idea of 
these inspections is purely that of service and organiza- 


performed at once. 


tions soon place the greatest reliance on them. It is not 


uncommon for organization commanders to eall up re- 

















MILLING MACHINE TRAILER 


Mounting two small lathes, sensitive drill and a medium sized milling 
machine. 
questing that an inspection be made, particularly before 


organizations are due to go on the target range. 
Ordnance units on duty with line troops are primarily 
assigned to that duty to serve line troops. Service is 
their prineipal function. When they cease to be of service 
they have outlived their usefulness and should be dis- 
Long hours, hard work, irregular meals and biting 
maintenance unit. 
Occasionally a 


banded. 
criticism are generally the lot of a 
Words of praise are few and far between. 
ray of sunshine is apparent and one feels that perhaps 
A tremendous amount 
Mainten- 
The conseiousness of 


useful work is being accomplished. 
of repair work has been accomplished by the 
anee Companies and Detachments. 
work well done is about all the reward that the men will 


get. 
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Mobile Ordnance Repair Shops 


American Forces in Germany 


By 


W. J. HENRY 


Member A. O. A. 


HE aim of the Ordnance Field Service units.forming 

part of the American Forces in Germany is, not 

merely to provide facilities for maintenance of equip- 
ment in the hands of troops to be utilized only upon the 
initiative of troop commanders, but rather to seek out the 
troops in the tield or wherever they happen to be, to offer 
them full facilities for keeping their fighting equipment in 
perfect condition, to reduce to a minimum the necessity 
for submitting requests for service, to obviate reducing 
their fighting strength by waiting indefinite periods of 
time for repairs to unserviceable arms or by having to use 
their own personnel and transportation facilities in send- 
ing unserviceable arms over long distances to the repair 
shops. In brief, it is everlastingly sought to “take the 
service to the troops.” 

The area occupied by the American Army of Occupa- 
tion is that surrounding the junction of the Rhine and 
Moselle rivers, and roughly outlined by the location of 
Remagen in the north, Cochem in the south, the Ahr val- 
ley in the west, and Limburg, just outside the bridge- 
head, in the east. This is a territory approximately eighty- 
five kilometers long from east to west and sixty-five kilo- 
meters in depth from north to south, comprising an area 
of about three thousand three hundred square kilometers. 
At one time or another during the training year prac- 
tically every foot of this territory has to be covered in 
carrying Ordnance Maintenance service to troops on 
marches, maneuvers, target and combat practice, as well 
as to their rezular stations in seattered villages and towns. 
The country is hilly and, in the southwest section, quite 
mountainous, but roads, as a rule, are excellent. 

The troops occupying this area and requiring mainten- 
ance service, totalled, until recently, approximately fifteen 
thousand, comprising three regiments of infantry, one 
battalion of field artillery equipped with French seventy- 
fives, three companies of engineers, a signal battalion, 
cavalry detachment, a machine gun battalion, machine gun 
training centers, headquarters troop, and auxiliary troops 
of the supply and hospital services. These troops were 
billeted in or camped near widely separated towns or vil- 
lages during the training season, usually in units not 
larger than a battalion, and often not larger than com- 
panies and detachments. 


The Ordnance troops coneerned with the service of 
supply and maintenance consisted of three companies: 
the 18th (Maintenance), 82d (Depot) and the 60th (Am- 
munition), of which the first two were located at the Met- 
ternich Ordnance Depot, just across the Moselle river from 
Coblenz. These two companies with a force of three offi- 
cers and one hundred and sixty enlisted men, three Amer- 
ican civilian mechanics and about one hundred German 
civilian mechanics and laborers, comprised the working 
foree with which the depot was manned. ‘The officers, in 
addition to administrative duties, acted as shop superinten- 
dents, chief inspectors, and instructors. The three civil- 
ian mechanics were a machinist, a machine gun mechanic, 
and a motor mechanic, each acting as foreman of civilian 
personnel in their respective departments. The German 
civilian mechanics were employed as motor mechanics, 
machinists and lathe hands, tinsmiths, painters, molders, 
blacksmiths and helpers, electrical repair men, carpenters 
and woodworkers, upholsterers and laborers in the repair 
shop and in the depot. Control of the German labor was 
provided through a system which placed all such labor 
under the direct supervision of enlisted personnel. 

The Metteraich Ordnanee Depot occupied what was for- 
merly a German Army clothing depot, located on the rail- 
road between Coblenz and Mayen, on the left bank of the 
Moselle river end only ten minutes ride from headquarters 
in Coblenz, and with respect to the distribution of troops 
through the oceupied area, a most desirable and central 
loeation from which to distribute service. The depot con- 
sisted of eight large shop buildings and warehouses with 
several smaller buildings surrounded by a high wire fence, 
Spurs from the railroad led to all the principal buildings 
and the depot was located oy the main road between Coblenz 
and Mayen and less than a kilometer from the main road 
from Coblenz to Andernach. Upon the destruction of one 
of the original buildings by fire, a large modern shop for 
the repair of motor vehicles was erected in its place with a 
capacity for thirty ears, trucks, tractors or artillery ve- 
hicles at one time. This shop was of fabricated steel frame- 
work with wooden sides, an iron roof, and a eonerete floor, 
divided up int) bavs by means of work benches. 

For shop equipment the depot depended almost entirely 
upon the equipment of a portion of a Heavy Mobile Ord- 
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nance Repair Shop and a Light Mobile Ordnance Repair 
Shop which were available, supplemented from time to 
time by such apparatus as could be made in the shops 
themselves, secured from local sources or on requisitions 
from the United States. The equipment of the Heavy 
Mobile Repair Shop was considered as stationary equip- 
ment, while that of the Light Mobile Repair Shop was 
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Burning-In Machine for Motor Bearings 


maintained at all times in such order that it could take the 
field upon short notice and for indefinite periods. From 
such equipment the following shops were maintained at 
the depot. Automotive repair shop, machine shop, black- 
smith shop, foundry, tinshop, radiator repair shop, weld- 
ing shop, earpenter shop, saddlery and upholstery shop, 
electrical repair shop, battery charging station, tractor re- 
pair shop, small arms and machine gun repair shop, ar- 
tillery repair shop, tire repair shop, motorcycle repair 
shop, paint shop, vocational training school for battery, 
company and machine gun mechanics. Power was pro- 
vided by the power plant of the Heavy Mobile Repair 
Shop, the generating units having been removed from 
the trailer and placed upon concrete foundations. An ad- 
ditional unit received from the United States provided three 
15-K. W., 110-volt, D. C. generating sets. The machine 
shop was constructed by running the machine shop trail- 
ers of the Heavy Mobile Repair Shop together in such a 
manner that when the sides were let down they formed a 
continuous floor about the machines. Additional floor- 
ing necessary was provided, the trailers were jacked up 
off the wheels and about the whole a frame building was 
erected in such a manner that the sides could be quickly 
removed, the trailers let down off the jacks, power and 
water lines disconnected and the trailers intact placed upon 
the road with the least possible delay. The foundry equip- 
ment was made entirely by the blacksmith shop A portable 
smelter was built in the blacksmith shop. The accompany- 
ing sketch shows the features of its construction. It was 
connected to the blower which furnishes air for the forges. 
All dimensions given on the sketch are in millimeters. The 
capacity of the crucible was thirty-five pounds of brass, or 
correspondingly smaller weights of cast-iron and aluminum. 
The molder made his own patterns and molds, looked after 
the operation of the smelter and was assisted in casting by 
the blacksmith shop foree. 

Throughout operations in the A. E. F. and A. F. in G., 
it was apparent that ample provisions had not been made 
for maintenance of wooden equipment. A wood turning 
lathe, a 36-inch band saw, a cireular saw, a 24-inch planer 
and the usual hench tools were installed in the carpenter 


shop. This shop was equipped to make repairs to wooden 
articles, such as machine gun earts, truck bodies and 
wheels. In addition packing boxes, work benches and bins 


were made for use in the shop and depot. 
One bay in the Automotive Repair Shop was set aside 
Here all new bearings were fitted and 


as a bearing bay. 





assembled. 


After assembly the bearings were burned in, 
the motor being driven by means of an external source of 


power. One of these burning-in machines was adapted to 
take any make of motor and was belt-driven by means of 
a 10 horsepower electric motor. The other machine was 
direct driven by means of a Ford engine through a uni- 
versal joint. ‘The details of this burning-in machine are 
shown in the accompanying sketch. In order to properly 
burn in bearings the motor under repair was run dry at 
low speed until the bearings began to warm up. Oil was 
then applied freely and the motor run in from eight to 
sixteen hours. Knocks were much more easily detected 
while running m bearings in these machines due to the ab- 
sence of the noises present when a complete motor is turned 
over under its own power, and in addition it was not neces- 
sary to restrict the speed of the vehicle when first driven 
after the assembly of new bearings. The above described 
method of applying new bearings was so successful that 
it is believed the same scheme should be followed in all 
Ordnance Repair Shops having to repair motors. 

The Ordnance Repair Shop of the A. F. in G. operated 
as an overhaul park for the Motor Transport Service of 
the Quartermaster Corps. Practically all jobs handled 
were for major repairs and required a complete overhaul 
of the vehicle. On account of the seareity of spare parts 
many used parts were salvaged and many other parts man- 
ufactured. A fixture was devised in the shop to hold eylin- 
der blocks. ‘This fixture could be applied either to the en- 
gine lathe or the large drill press. A boring bar was made 
in the shops and provided with a cutter to remove the 
metal, After the cylinder was rebored it was lapped by 
means of a wooden piston and emery. Crank shafts were 
reclaimed by means of the Sawyer-Weber crank pin re- 
turning tool. 

In connection with the maintenance service for the re- 
pair and upkeep of Ordnance matériel in the hands of 
troops, the Light Mobile Ordnance Repair Shop Equip- 
ment was maintained intact in shape to take the field at 
short notice. This department also conducted vocational 
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Portable Smelter (dimensions in millimeters) 


training schools during the school season, offering courses 
for battery mechanics, machine gun mechanies and ecom- 
pany mechanies of from six weeks to three months dura- 
tion. The depot shop foree was engaged in overhauling 
such arms as could not be repaired in the field, maintaining 
the depot stock of arms in first class condition, and, in 
general, supporting the repair crews who were continually 
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ORDNANCE REPAIR SHOPS, AMERICAN FORCES IN GERMANY 
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on the road varrying service of repair and inspection to 
the troops throughout the area. A firing range for test- 
fring all work repaired was provided and was found of 
great value in test-firinmg machine guns and rifle barrels. 
A machine rest was built for the purpose of targeting 
rifles reported as inaceurate. Replenishment of the stock 
of spare parts had to be provided for by requisition upon 
the United States six months in advance. 

A fleet of six Light Repair Trucks and four motoreyeles 
was used to carry the service of maintenance and repair 
to the troops in the area. During the season when most of 
the troops were in barracks or billets at their regular sta- 
tions, a continuous system of inspection and repair was 
provided for by the use of the light repair trucks, each 
equipped with a standard kit of repair tools, spare parts 
ease, and a crew of two or three men. Each crew was 
assigned to the service of certain organizations, taking the 
companies in a fixed order. As soon as a complete round 
of visits had been made, another was commenced, so that 
a continuous service was maintained. Company com- 
manders were notified in advance of the date of the next 
visit of the repair crew and, in ease of conflicting orders, 
the depot was notified and arrangements made for another 
date. One light repair truck was equipped for machine 
gun repair and inspection only. The crew of this truck 
was composed of machine gun experts, who gave all their 
attention to the machine gun companies. Another crew 
was assigned to service of the Field Artillery, maintaining 
a regular service of inspection and repair. All artillery 
vehicles and guns were brought into the shop twice a year 
for complete overhauling. Guns were star-gauged, bore- 
searched, sights adjusted, carriages completely overhauled 
and repaired, wheels repaired, and all vehicles placed in 
first class condition. 

The motoreycles were maintained at all times in shape 
to take the road at a few minutes’ notice in answer to 
emergency calls from organizations requiring such service. 
Standard sets of repair parts and tools were kept on hand 
in the repair shop, which a driver could place in the side- 
ear, and the service required could be rendered within a 
very short time after the call was received. 

During the target season, when the troops were camped 
at a number of widely separated target ranges, branch re- 
pair shops with crews of from one to three men were 
maintained at each firing range. During this season an 
inspector was kept on the road constantly maintaining 
liaison between the depot and the branch repair shops on 
the ranges and providing for replenishment of the stock of 
spare parts. The aim of these branch shops was to keep 
serviceable arms on the firing line all the time. Provision 
was made whereby the company commanders were relieved 
of a great deal of inconvenience such as arises when rifles 
become unserviceable while firing. Such rifles as could not 
be repaired at once, were, if it was desired, replaced by 
serviceable arms without delay. At ranges where a large 
number of troops were firing and the repair crew con- 
sisted of more than one man, one of the men was at all 
times stationed just behind the firing line, ready to ren- 
der immediate service when required. These men were 
irstructed to gather all available data and criticisms con- 
cerned with the use of ordnance matériel and ammuni- 
tion, and particularly in case of accidents, to make personal 
investigation «id report the same to the depot at once. 

During maneuvers and combat exercises, the light repair 
shop took the field as a unit, or in ease the American 
Forees were divided into two armies maneuvering against 
each other, the light repair shop was divided into two see- 
tions, each accompanying one of the maneuvering armies. 
During such maneuvers, immediately after making camp at 
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the end of a march, several light repair trucks were dis- 
patched to visit all organizations for the purpose of mak- 
ing repairs. Also, during the course of the maneuvers, it 
was arranged to inspect the equipment of every organiza- 
tion. During battle exercises, small detachments of re- 
pair men carrying standard repair parts and tools followed 











LIGHT MOBILE ORDNANCE REPAIR SHOP 


Parked at side of road, Zermullen, Gommany, during A. F. G. maneu- 
vers, 1920 

the troops, either on foot or by motoreyele, maintaining a 

service of repair or replacement. 

Painted signs of a distinetive character should be in- 
cluded in the equipment of a Maintenance Company ae- 
companying a mobile force on maneuvers or marches. 
These signs should have arrows indicating the direction to 
be taken to reach the repair shop. The signs used by the 
Ordnance Repair Shops of the A. F. in G. comprised the 
insignia of the repair shop as well as its destination. 

As an example of the amount of principal repair work 
accomplished, the following figures for the six months 
period ending December, 1920, are given: 


Major repairs to motor vehicles_.....______- 203 
Minor repairs to motor vehicles__._._______- 92 
Repairs to artillery vehicles_......._....._... 236 
Repairs to machine guns, small arms, ete.._.__ 13,862 


In barracks at the depot, Ordnance troops were given 
one-half hour of physieal drill and one-half hour of mil- 
itary instruction, either drill, or lecture, daily, supple- 
mented by inspection under arms every Saturday morn- 
ing. The men were armed with rifle and bayonet and were 
required to he proficient in their use, care and mainten- 
ance, and particularly in the knowledge of nomenclature, 
mounting and dismounting, replacement of spare parts, re- 
pairs in general, and the problems met in the field in carrying 
their specialized service to troops. Courtesy and prompt- 
ness in rendering such service were at all times required 
and the manner in which the troops came to depend 
upon the automatic feature of this service is the best evi- 
dence of the satisfaction it gave and the efficiency of the 
System. 
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THE ENGINEERS’ BUILDING, 29 WEST 39TH STREET, NEW YORK 
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Ordnance Maint 


N the early fall of 1921 when various organizations 
| were ordered to proceed overland to new stations, the 
51st Artillery Regiment (heavy) then stationed at 
Camp Jackson, 8. C., was among those so ordered. Their 
new station was Camp Eustis, Virginia, a distance of more 
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mm. G. P. F. guns with all accessories. The howitzers 
and guns were drawn by ten-ton tractors. There were also 
with the regiment 240 motor vehicles of types called for 
on the table vf organization for this regiment. | 

‘It was the function of the 32d Ordnance Company to 
























































ment had just recently been reorganized from personnel 
formerly a part of the 39th Artillery Brigade (C. A. C.), 
which had veen disbanded under orders from the War 
Department ai the time the army was reduced to a basis 
of one hundred and fifty thousand men. 

In order to cover the activities of the 32nd Ordnance 
Company (heavy maintenance) which accompanied the 
regiment on the march, and for which this article is pri- 
marily intended, it will be necessary to describe the method 
in which the regiment was divided and how it moved, as 
well as to cover the duties performed by the engineer de- 
tachment of the 7th Engineers which also accompanied and 
formed a part of the expedition. 

The 51st Regiment consisted of two battalions of two 
batteries each. The first battalion was equipped with eight 
8-inch howitzers with their firing platforms and full equip- 
ment. The second battalion was equipped with eight 155 
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ROUTE OF 32ND ORDNANCE COMPANY, UNITED STATES ARMY 
This Ordnance Company was detailed to accompany the 51st Regiment, C. A. C., overland from Camp Jackson, S. ¢ to Camp Eu Va 
than six hundred miles from:Camp Jackson. ‘This regi- maintain all equipment of the regiment, including guns, 


howitzers, tractors, trucks and other motor vehicles in 
running order throughout the trip as well as to supply all 


spare parts and mechanical equipment necessary for this 


purpose. 
To facilitate the movement of the regiment and to al- 
low the slow moving tractor-drawn equipment to govern 


whole convoy was 


Advanee 


' the entire expedition, the 
namely, the 


the speed of 


divided into three sections, Convoy, 


the Heavy Convoy and the Light Convoy. The advance 
convoy consisted of motor trucks earrying tentage and 
other camp equipment, the heavy convoy consisted of the 
howitzers and guns and twenty-seven ten-ton and ten five- 
ton tractors, while the light convoy consisted of motor 
trucks carrying the general equipment of the regiment. 
T'he route to be taken by the regiment had been carefully 
gone over by the Engineers in advance of the movement of 
the regiment in order that the general conditions of the 
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roads and the stability of the bridges could be ascertuined. 
The roads were carefully marked with Engineer signs and 
weak bridges were strengthened and others marked show- 
ing the maximum safe loads. From these signs it could he 
determined by the heavy convoy whether it would be neces- 
sary or not to disconnect tractors from guns before a safe 
passing could be accomplished. 

Certain points along the route had been designated as 
“bases” and a general schedule and itinerary had been pre- 
pared and published for the information of all concerned. 
A “base” was usually established in a town of some size 
and was a resting place for the whole convoy. The scheme 
of advance was for the advance couvoy to proceed to a 
“hase” and set up camp and await the arrival of the slow 
moving heavy convoy. When the heavy convoy was ap- 
proximately half way between the bases the hight convoy 
was notified and proceeded along the route, passing the 
heavy convoy und joining the advance convoy which had 
established itself at the “base” and there awaiting the ar- 
rival of the heavy convoy. Then the whole proceedings 
were duplicated until Camp Eustis, the objective, was 
finally reached. 

The Engineer Detachment 
adopted by the regiment and divided itself into two see- 
tions. The main or larger section preceded the regiment 
and repaired roads and bridges for the safe passing of the 
regiment, while its second or smaller section remained in 
the rear, repaired roads damaged by the movement of the 
artillery, which it may be mentioned here was very slight, 
but the chief duties of this section involved the reclaim- 
ing of the heavy timbers which had been used to strengthen 
the bridges and the delivery of same to the advance section 
of the engineers which was far ahead of the regiment at 
all times. This method of reclaiming the bridge materials 
used not only saved considerable truck which 
would have to have been available under other conditions, 
but was exceedingly economical in that the same materials 
were used over and over again. 

The expedition left Camp Jackson on September 12, 
1921, and arrived at Camp Eustis, Virginia, on the after- 
roon of October 22, 1921, everything running under its 
own power, the prophecy of many critics to the contrary 
notwithstanding. The start was made under unfavorable 
weather conditions, in the midst of a typical Southern 
Indian summer, the weather being extremely warm. The 
roads were dusty and it was with the greatest difficulty that 
the artillerymen kept their tractors and other vehicles 
lubricated without ‘the introduction of grit and dust, which 
literally, at times, even with the caution taken, ground out 
tractors and other vehicles. 


conformed to the scheme 


tonnage 


bearing connections on the 





Water was searce and at times had to be carried long dis- 
tances, and on numerous occasions a well was located only 
to be found that it had been dry for weeks. 

The 32nd Ordnance Company was divided into three sec- 
tions and the personnel of the company was distributed in 
acordance with their special qualifications and ratings. 
The three sections were (lst) the Advance Section, accom- 
panying the advance section of the regiment, and the per- 
sonnel of this section consisted of men who had been 
specially trained in the repairing of F. W. D. trucks 
and motor vehicles in general. Their equipment consisted 
of one artillery repair truck, one Dodge light repair truck 
and one F. W. D. truck, carrying spare parts for motor 
vehicles. This section took care of the repairs to all motor 
vehicles in the entire advance convoy. (2nd) The light See- 
tion which accompanied the light convoy of the regiment; 
this section had the same allotment of personnel and equip- 
ment as the advance section and took care of all the repairs 
to motor vehicles in the light convoy. (3rd) The Heavy 
Section which accompanied the heavy convoy of the regi- 
ment. This formed the main body of the Ordnance Com- 
pany and here the Ordnance Officer stationed himself and 
from this convoy directed the work of the whole company, 
keeping in touch with the other two sections through the 
means of what called “running repair. ordnance 
who (in motoreyeles) performed light 


were 
men,” repairs to 
vehicles which had fallen out of the column along the route. 
In this convoy were the eight howitzers, eight guns, twenty- 
seven ten-ton tractors and ten five-ton tractors. 

The ordnance equipment of the heavy section consisted 
of one artillery repair truck, one Dodge light repair 
truck, one F. W. D. truck, carrying tractor spare parts, 
one F. W. D. truck, carrying maneuvering materials such 
as chain blocks, blocks and falls, rope and special heavy 
tools, one F. W. D. truck, carrying blacksmith shop equip- 
ment, one F. W. D. truck carrying tentage and baggage, 
and one stock-bin trailer carrying an assortment of all 
kinds of spare parts and other repair materials and light 
tools. This last trailer was designed to be hauled by an 
F. W. D. truck, but the roads were so heavy that it had to 
be hauled by a ten-ton tractor throughout the trip. Two 
ten-ton trailers were used to haul disabled tractors, whose 
repairs were so serious that it was necessary to haul them 
into a base shop for repairs. It was the function of this 
section to keep the tractors of the heavy convoy moving at 
all times, and as this convoy generally moved during day- 
light, the largest part of the heavy repair work was done 
at night and on Sundays while the artillerymen were 
resting. ° 

During received 


the entire trip seventy-eight tractors 
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ORDNANCE SHOP NEAR WINNESBORO, S. C. 


Repairs are being made on the last tractor in the shop, pre- 
paratory to taking up the march and rejoining convoy. 








ORDNANCE PERSONNEL TAKING CARE OF WRECKED TRUCK 


Repairs were made to this truck on the spot and it left unde 
s own power and caught up with the rest of the convoy 
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major repairs, which means that each tractor in the con- 
voy was repaired for major troubles on an average of 
two and one-tenth times. The repairs were accomplished by 
working the men in shifts wherever possible. When the 
artillery halted for the night the ordnance section closed 
up and set up a shop. Sites in the open along the side 
of the road were selected for the shop so that space enough 
would be available for the reception of tractors on which 
work had to be done. The artillery repair truck was placed 
in the center of the shop and the generator started and 








TYPICAL UNIMPROVED ROAD 


Section of Richmond-Williamsburg Pike after passage of two hundred 
trucks. Road foundation unfirm. 


electric lights on extension cords were run to each job. 
A new shift usually started to work at day-break, relieving 
the night men, and continued to work until about noon or 
shortly thereafter. The shop was then dismantled and a 
start to catch the heavy artillery convoy was made. 

In some instances during repair epidemics, the work 
was so heavy that the ordnance section was left a day or 
more behind but they usually succeeded in catching up 
without much undue delay by making forced marches dur- 
ing the night. The speed of the ordnance section was 
governed. by the speed of tractors, having usually with 
them from two to five tractors-—one tractor attached to 
their stock bin trailer and others which had been repaired 
—they necessarily at times found it very difficult to keep 
elosed up, and on one occasion they travelled continuously 
for thirty-six hours, covering a distance of approximately 
seventy-five miles before catching up with the heavy 
convoy. 

Such spare parts as were available at Camp Jackson 
were carried along, but due to the shortage of parts, ar- 
rangements had been previously made whereby the Rock 
Island Arsenal was instructed to honor telegraphic requisi- 
tions for spare tractor parts by the commanding officer 
of the 32nd Ordnance Company. These requisitions were 
wired direct to the arsenal, designating the bases where the 
parts were to be shipped, and through the splendid and 
prompt service rendered to the ordnance company by the 
arsenal there never was a time during the entire trip that 
spare tractor parts were not available, except in instances 
where breakages could not be well anticipated. Many 
ingenious devices were improvised by the artillerymen and 
ordnance men which in the long run served their purpose 
very well indeed. The machine tools on the artillery repair 
trucks were kept busy at all times making odd sized bolts 
and studs and rechasing burred threads on studs and 
bolts removed during the process of making repairs. There 


were blacksmith’s jobs in abundance. Heavy trailer springs 
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were removed and welded where the leaves had been brokep, 
The acetylene welder was always going, and the company 
was particularly fortunate in having an excellent black. 
smith and acetylene welder among its personnel. 

Many valuable lessons were learned as the result of this 
trip and the policy of the Ordnance Department in 
thoroughly training specialists for maintenance companies 
was completely vindicated. A detailed list of all classes of 
repairs made to tractors and other motor vehicles during 
the entire trip was made and submitted to the Mainten-. 
ance Division of the Ordnance Department. From this 
list it ean be readily seen what particular part of the 
mechanism of the vehicles gave trouble, and they can be 
studied with a view of redesigning and avoiding future 
troubles with the same parts. They can also be used to 
advantage by inspectors in looking for defects on the same 
design of vehicles preparatory to making a trip of any 
distance. A number of weaknesses in the present design 
of tractors were recognized and suggestions were made 
whereby a change in design may be considered with a 
view of eliminating these apparent defects in future de- 
signs of tractors. A list of all spare parts used on the 
trip was earefully kept by the storekeepers in charge of 
the supply vehicles. The list of parts used on trucks 
and tractors was kept separate and tables were compiled 
from these lists, showing the consumption on a tractor or 
truck mile basis, which will be of invaluable assistance 
in specifying the parts to be carried by an expedition 
travelling under similar conditions. It is understood that 
this is the longest trip ever aceomplished by a heavy 
motorized artillery regiment. 

The inhabitants of part of the country traversed, es- 
pecially the older ones, had never seen guns of such size 
before in their lives and wondered at the ease with which 
they were handled over such heavy roads. Some thought 
that another war had broken out. Most of them had never 
hefore seen regular troops. They marveled at a machine 
shop on wheels, and a soldier working at an anvil with 
naked body from waist‘ up, and another skilfully manip- 
ulating an acetylene torch was very interesting to them. 





TYPICAL IMPROVED ROAD 


North Carolina road showing the undamaged condition of road after 
the heavy artillery had passed Road foundation firm 


Numerous questions were asked by the spectators who 
promptly erowded around the ordnance sheps, and were 
cheerfully and courteously answered by the men. The im- 
pression left on the population by this efficient regiment 
Many expressed their doubts about the 
regiment reaching Camp Eustis before the following 
Christmas and they were to some extent justified, when they 
perceived tractors with the whole transmissions removed 


and others with the armor removed and engines totally dis- 


will be lasting. 
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ORDNANCE 
mantied, but the regiment went into Camp Eustis with all 
wheels turning on the afternoon of October 22, 1921, ex 
actly one month and ten d@ys after leaving Camp Jack- 
gon and not a single vehicle or other piece of property was 
abandoned along the route. 


Comment 


A very complete report on the work of the 32d Ord- 
nance Company which accompanied the 5lst Regiment 
Coast Artillery Corps on its march from Camp Jackson, 
South Carolina, to Camp Eustis, Virginia, was submitted 
by Captain Gibson. A report on the march was also 
submitted by the Regimental Commander and by a Field 
Artillery officer who accompanied the regiment. 

The following facts have been determined from a eare- 
ful consideration of the various reports. They are 
published here as being of interest to officers who may 
future be ordered to accompany a regiment on 
march. 


in the 
a similar 

(1) The Ordnanee Company had spare tractors in its 
equipment. The speed of the Ordnance convoy was, there- 
fore, limited by these tractors and was essentially the 
same as the speed of the heavy convoy. In addition to 
making the same marches, the company was required to 
make repairs on tractors and other vehicles which had 
become unserviceable within the regiment. This fact must 
be kept in mind in specifying the speed of the marching 
column. Sinee the regiment marched all day, it required 
the Ordnance Company to march practically the same 
length of time and in addition to work most of the night 
and all Sunday in an attempt to keep up with the repair 
work. 

2) Theoretically, a supply of spare parts should be on 
hand at every post to permit a motorized regiment to 
make similar marehes without ealling on an arsenal for 
spare parts. Practically, such a condition cannot exist 
because a supply of spare parts is not and never will be 
available to stock every post with a supply sufficient to ac- 
complish the above. A march of 600 miles across country 
is an unusual ease and unusual methods must be used 
to meet the conditions. Sufficient time must be allowed the 
Ordnance Officer to obtain spare parts estimated to be 
necessary for the march. If time is not sufficient to permit 
this to be done, then arrangements must be made to make 
telegraphie requisitions upon an issuing arsenal and the 
arsenal must make express shipments to the designated 
This scheme was followed in the above mentioned 
worked to the entire satisfaction of all con- 


places. 
mareh and 
cerned. 
(3) In ease the company is not provided with sufficient 
skilled enlisted then arrangements must be 
made to hire skilled civilian personnel. This personnel 
eannot work union hours and must work day or night as 
required. Opportunity is taken here to state that the two 
civilian Ordnance mechanies who accompanied the above 
mentioned march were very skilled and worked unlimited 


personnel, 


hours. 

(4) An officer commanding a company on such a march 
wust be endowed with an unusual amount of energy, must 
be able to handle men and get work out of them when 
they are nearly exhausted and must 
great deal of taet. Mechanical knowledge is desirable. 

(5) It is believed that a marching column of motorized 
a happy combination 


be possessed of a 


artillery ean be best maintained by 
of maintenance work performed by Artillery personnel and 
When the Artillery personnel is 
their 


by Ordnance personnel. 


trained to properly lubricate and eare for motor 


vehieles and is trained to make minor repairs and adjust- 
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ments, then the work falling to the Ordnance Company 
will be in the nature of cleaning up behind the marching 
When an Artillery officer inspects an unservice- 
able vehicle he should determine whether or not the repairs 
a reasonable time by Artillery per- 
If he decides that the job is one 
requiring.major repairs in the nature of a part too large 
for the artillery to handle with the facilities in their pos- 
session or requiring too time to install, then the 
tractor should be left by the side of the road. The driver 
should remain with the tractor and the Ordnance Company 


column. 


ean be made within 


sonnel, say eight hours. 


long a 





Heavy Convoy Parked Along Road 


should be notified of the location of the tractor. Men may 
be sent forward to repair the tractor or it may be picked up 
on a trailer and earried to the Ordnance Repair Shop. No 
vehicles must be left behind the repair shop. Repaired 
vehicles are sent forward either by Ordnance personnel 
or by Artillery personnel. 

(6) An Ordnance Company or detachment attached to 
any line organization is placed directly under the Com- 
manding Officer of the line organization. This fact has 
never been questioned by the Ordnance Department and is 
only emphasized here because there apparently exists in 
the minds of some officers an opinion that such a company 
or detachment is not under their direct control.’ The men 
of the company must be taught that they are attached to 
the line organization for the purpose of rendering service 
to that organization. When they fail to render service in 
a satisfactory manner then they have failed in their duty. 
A just discrimination should be made by line officers be- 
tween failure and between inability to keep up with an 
unusually large amount of repair work. Conditions at 
times will be such that vehicles will be broken faster than a 
“an repair them. If this 
line organization commanders should assist the Ordnance 


repair shop condition arises, 


Company either by performing some of the work with 
Artillery personnel or by delaying the march until the re- 
pair shop has eaught up. In view of the conditions as 
stated which require the 
mareh the same distanee as the Artillery organization and 


above Ordnance Company to 
in addition perform heavy repair work, it is believed neces- 


sary for the organization to halt at least one additional 


day per week to give the Company a chance to eatch up on 
the work. 


The above points are emphasized because repair work 


is of such nature that it cannot be accumulated ahead of 
time. Supplies, reinforcements of bridges and similar 
work can be anticipated and performed days or weeks 


the actual need for these services. Repair work 


can only be performed after the damage is done and it must 


ahead of 


he at some expense to the speed of the marching column 























Tank Maintenance 


By 


GEO. W. GRAHAM 


Member A.O.A 


RAINING regulations, No. 420.—Tank Service 
(presently to be issued), includes the following: 
Par. 11. 


The most effective mechanical organization depends upon 
the observance of two simple principles which may be stated 
as follows: 


Differentiation between Maintenance and Repair— 


(a) All maintenance is to performed by the personnel of 
the Tank units.* By maintenance is meant the replacing of 
damaged parts and the adjustments of complete units which 
ean be effected by the tools and machines with which the 


(b) By the Company Maintenance Unit: this wnit moves 
with the company repair tank, is provided with a more com- 
plete tool equipment, and a stock of spare parts and accegs- 
ories. This is essentially a “first aid” unit. 

(c) By the Battalion Maintenance Unit: which accom- 
panies the battalion reserve tanks of the light command, 
or the artillery repair and supply trucks of the heavy 
battalion. This unit carries a supply of the most neces. 
sary spare parts. 





Tank units are equipped. (d) By the Tank Maintenance Company: each Tank 
ORGANIZATION 
— or — 
— ORONANCE FIELD SERVICE — : 
— AT THE— 


TANK SCHOOL,FRANALIN CANTONMENT, 


CAMP MEADE.MD. 


(Revised To van 18,1922) 
———oe —_—___—_ 





| THE ORDNANCE OFFICER} 


















































THE ORDNANCE Sor 
(SUPPLY SECTION 
Assistant te the Ordnance Officer 
7 | TT 
FIRST SECTION SECOND SECTION INSPECTOR or TANKS| - 
(ADMINISTRATION) (SHOPS) (G ENERAL (In charge of Prints and 
Commanding Officer Foreman of Sheps Crref of Section Alteration Wort Orders) 
MuTaRY iN |_Mary Siviiiaty | OPERATING ASSISTANT | 
(wco 1m charge ) (Cimet Clerk im charge) (C0. m charge) (Foreman ” cnarye } 

















i 











TRANSPORTATION BRANCH 
(N.C.0 in charge) 














SHOP STOCK BRANCH 





(NCO im charge} (NCO w charge) 














(In charge d Part ans Fleid Inspection) 














L 
STOCK MAINTENANCE BRANCH 


(NCO in charge) 









































[requerrons | [stocx recoros|] [ ORDERS 


























a — | 


[_recenas | 


[csnmnes’] 








samee 1 { ceeounl 





























(b) No repairs are to be made in the field by fighting units, 
or in other words, by Tank units. Repairs are made by the 
Ordnance Department. , 

The distinction between maintenance and repair as defined 
above must be kept clearly in mind. If this is done, the 
cause of inefficiency and confusion regarding keeping tanks 
mechanically ‘fit to fight will be eliminated, because the re 
sponsibility and functions of the Tank Service and of the 
Ordnance Department will be clearly defined. 


Maintenance by the Tank units is accomplished through 
the following agencies: 

(a) By the Crew of the Tank: who keep the tank clean, 
oiled and adjusted, and in operative condition. They 


make such minor repairs and replacements as may be 
within reach of the tool equipment and the small stock of 
spare parts carried. 
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Group ineludes one Tank Maintenance Company, which 
sets up beyond range of enemy light artillery fire, and 
makes replacements above the power of the Tank main- 
tenance units in front of it. This unit has, as a part of 
its equipment, four artillery repair trucks, four artillery 
supply trucks (Load D), four 5-ton artillery tractors for 
towing disabled tanks, and sufficient cargo trucks to carry 
a considerable quantity of spare parts and assemblies. 

The foregoing covers, in a general way, Tank Service 
regulations governing the maintenance of tanks in the 
hands of using organizations. Maintenance beyond the 
power of the Tank Maintenance Company—in other words, 
major repair—and the prompt supply of spare parts to 


*NotTEe.—tThis includes the Tank Maintenance units.—c. wW. G. 
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the using service, are functions of the Ordnance Company 
(Heavy Maintenance), attached to Tanks. Repair and sup- 
ply are of equal importance, and the former is a necessary 
phase of the latter function in the field. The plan of sup- 
ply contemplates the issue of components and unit assem- 
blies in exchange for unserviceable ones, and their prompt 
repair and replacement in issue stock should be uppermost 
in the shop commander’s mind. The value of unit replace- 
ments is becoming more apparent as a factor in continuous 
service of automotive equipment; and, when thoroughly 
understood and properly organized, its cost, translated into 
dollars per mile, or hour, of service, is very much less than 
any other method. 

The shop commander must know the type of tanks he is 
to.serve with; he must know their peculiarities and weak- 
nesses, their performance and most probable failures under 
varying soil and weather conditions. These factors will 
govern his store of spare parts; the arrangement of his 
cargo space; to some extent the tools, jigs and fixtures 
and the arrangement of his machine tools; the seleetion of 
his bar stock and supplies, and the training and assignment 
And he must know, if possible—or learn 

characteristics of the 
will find that of two organiza- 
tions commanded by equally capable officers, using the same 


of his personnel. 
as quickly as may be—the using 


organizations he serves. He 


matériel and operating ever the same terrain, one will con- 
fine its troubles to some particular point in the power line 
—and the other will produce all of its mechanical casual- 
ties in an entirely different place. Every machine has a 
a point which, under certain conditions of oper- 
Each type of machine has its own 


weakness 
ation, will fail first. 
series of characteristics, and it is the duty of the shop 
commander to be sure that this information is passed for- 
ward to the operating units. This is the shop commander’s 
responsibility for maintenance as defined by Tank Service 
regulations. 

Practically every tank casualty becomes so first through 
mechanical failure. 
in the files of the Tank Corps where a moving tank has been 
struck by enemy fire of sufficient ealiber to eripple it. 
This fact then puts the greatest responsibility for tank 
maintenance on the most advanced administrative unit 
the company. If the tank can be maintained in automotive 
conditions during action, it can be brought in at the close 


There is hardly an instance recorded 


of an operation, where it can be gone over by the company 
maintenance unit, passed back to the battalion unit if 
hecessarv—and-exchanged for a reserve tank; if beyond the 
power of the battalion unit to put in shape for return to 
service, it passes on back to the tank maintenance com- 
pany, where eomplete units may be replaced as found neces- 


sary. Only wher so badly worn or damaged as to require 
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complete disassembly does the tank reach the Ordnance 
Company. 

To attain this more or less ideal operating condition, the 
tank company commander must know—and transmit to 
his men—the abilities, characteristics and limitations of his 
tanks; he must know their most probable points of failure 
in mud, in sand, over rocks, in hot weather and in cold; 
and he must have trained his personnel to care for these 
things under all conditions. One example—a simple one— 
will illustrate. Under normal soil conditions, in wet weather 
and in mud, tt is well to keep the tracks well lubricated 
an oil bath is excellent. Operating in the sand, a well 
oiled track will cut out in one-fifth the time a dry one— 
here an oil bath is fatal. The shop commander must know 
these things also—know them so well that he can diagnose 
the troubles of any organization he serves through the 
casualties it sends him—and suggest the remedy. 

The field duties of 
Maintenance), attached to Tanks, may be well brought out 
by a brief deseription of the Ordnance Field Service activ- 
ities at the Tank School, Franklin Cantonment, Camp 
Meade, Md. This is the training center for all tank troops, 
and, in addition to the school and school troops, 1S the 
station of the First Tank Group. Attached also, are such 


Corps Area and Divisional Tank units as may be in process 


an Ordnance Company (Heavy 


ot formation. 

From the «eccompanying chart it will be noted that th: 
the Ordnance activities indicated is much wider 
Ordnance Company 


scope ot 
than the usual 
(Heavy Maintenance). 
that the entire reserve of tank matériel, equipment and 
supplies has been stored here since the armistice; so that 
the warehousing requirements are much greater than would 
normally acerue to an Ordnance Company in the field. 
Also, the modifying and complete overhauling of nearly a 
thousand six-ton tanks has required the installation of 
heavier machine tools and much special equipment. In all 
except for the employment of highly 
Ordnance Company 
Its equipment is 


requirements of an 
This is due, primarily, to the fact 


essentials, however 
skilled civilian shop personnel—the 
functions under normal field conditions. 
set up under improved shelter, and, except for the special 
equipment, is entirely mobile. The shop draws its spares 
and supplies from the Ordnance 
would, under crdinary field 
supply bases; and it maintains its shop stock of spares for 
exchange with tank organizations. Shop operations fol- 


warehouse just as it 


conditions, draw from the 


low modern standards of departmental specialization of 
work, and an accurate, though simple, cost accounting sys- 
tem is employed. 

The disabled tank is brought to the Receival and De- 
livery Park, where it is taken over by the park foreman. 











Corner of Machine Shop 








Assembly and Disassembly Department 








A work order and an underlying job order for each depart- 
ment which may work on the tank, are made up. The tank 
first enters the Disassembly department; here a check of 
its exact condition is made, and any additional job orders, 
required by conditions revealed, are issued. Armor is dis- 
mounted, the engine and transmission removed, and such 
other parts as radiator, gas tanks, ete., are taken off. The 
engine and transmission are sent to their respective depart- 
ments for repair and test, and the installation of any 
lacking modifications. ‘The hull is cleaned, checked and ad- 
justed; the reduction gears are repaired and filled, and 
lacking modifications are installed. When the engine and 
transmission are returned, an especially trained force of 
men make the installation, special attention being given to 
alignment of these units in relation to each other and to 
the reduction gears. The fit of all couplings is watched 
closely and the proper adjustment of spacers, main elutch, 
steering clutehes, ete., receives careful attention. The 
tank then has a running test to make sure of alignment and 
adjustments, end upon return to the shop hold-down bolts 
and all fittings are examined. Any remaining modifications 
are installed erd the armor replaced. The track and test 
department then receives the tank, and tracks, track rollers, 
side members, etc., are dismounted, and repaired and oiled. 
Upon completion of the track work, the tank goes to the 
final inspector, who gives it a severe running test, checks 
modifications installed, and makes a complete inspection of 
all work done. If the tank is up to standard in every re- 
spect, it is sent to the delivery park, where the foreman 
cares for it until turned over to the using organization. 

Due to peculiarities of construction, repairs to tanks— 
even though minor—are expensive. The protective armor 
must be remeved to a considerable extent before any of 
the assemblies can be worked on, and often the entire 
power line must be removed to accomplish some compar- 
atively insignificant replacement. 

Taking the 6-ton tank as an example, the top armor 
must be removed before repairs can be made to radiator, 
fan or gas tank, and these in turn must be removed before 
work can be done on the engine or transmission. The 
engine and transmission must be removed, and also the 
side members end tracks, to allow work on the reduction 
gears. It has keen found best to work from the top down 
in all eases, for the reason that the power and transmis- 
sion assemblies are not mounted upon a rigid sub-frame, 
but are bolted together and supported from the hull. ‘This 
armored shell is built up of many plates secured with 
key bolts through punehed holes, and in drifting to allow 
the entry of tolts, the shell is most apt to become slightly 
deformed, thus causing serious misalignment in the power 
line, which accounts for many breakages in the component. 
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assemblies. The correction of these alignments is very dif. 
fieult, even for skilled men. So far as possible the sii 
plates are not removed, as this tends to let the hull sa 
badly. Experience has shown that the time required 
remove the tow armor, and the delay oecasioned by working 
in the restricted space within the hull, is, in the end, a reat 
economy. Where repairs are made by men not thorough) 
trained in the proper methods of disassembly—and partie. 
ularly acquainted with the necessity of maintaining hyl 
stability—great loss of time is encountered, and serious dan. 
age is done to assemblies through unforeseen misalignments 

As a result of overhauling approximately a thousané 
six-ton tanks, the following time estimates will be founj 
accurate : 


(a) Repairs to radiator—removing armor and radiator, 5 hrs.: pr 
pairing radiator, 30 min. to 10 hrs.; replacing radiator anj 


armor, 6 hrs. 

(b) Repairs to fan or gas tank same as (a) above. 

(c) Repairs to transmission—removing armor, gas tank, radiator 
and engine connections, 8 hrs.; transmission repair, problema 
ical; alignment of assemblies, 20 hrs; replacing radiator, ga 
tank and armor, 9 hrs 

(d) Repairs to reduction gears—same as (c) above, with removal » 


side member and track (additional), 20 hrs. 


These estimates are based upon the assumption that 
everything goes well with the job, and that the work is 
done by skilled men. The shop record for alignment of 
transmission and engine, and to build up to armor plate 
is 16 hours. With skilled personnel the average time on 
this job is 20 hours—and if, on test, trouble develops, the 
work must be done over again‘’almost in its entirety. 

Due to radicaily different construction, the shop routine 
of Mark VIII overhaul is not at all similar to the six-ton. 
The tank enters the shops through the park, and work and 
job orders are issued as with the light tank, but the Mark 
VIII takes staticn in one shop, where it remains until read; 
for final inspection; and there all work is done-—excepi 
overhaul of the Liberty engine—by one crew. This differ. 
ence in routine is due to (1) the comparatively small nun- 
ber of Mark VIII tanks in service, (2) the tremendous siz 
and weight of the assemblies and components, and (3) the 
fact that each tank is, mechanically, a distinct personality. 
This last means that each tank has certain peculiarities of 
construction and fitting that the crew should note during 
disassembly, and serupulously observe during reassembly. 

Shop experience gives the following averages for Mark 


VIII tank repairs: 


(a) Removing motor, 32 hrs.; overhauling, 200 hrs.; installing, 64 
hrs. 

(b) Removing radiator, 32 hrs repairs, problematical; installing 
hrs 
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Removing transmission, 86 |} erhauling, 1258 ! l hetween the responsibilities of the tank maintenanes inits 
oe ae and those of the ordnance company serving them. Prob- 
d) Removing sprocket gear, 28 hrs.; overhauling, 32 . . , 
og ro | ably no better definition could be envolved for generi¢e pur- 
ing, vV hrs . 


The foregoing averages cover individual jobs; at the 


present time these shops are completely overhauling a 


Mark Vill tank, ineluding a complete rebuilding ol the 


Liberty engine, with an average expenditure of six hun- 


‘dred hours labor. 


It should be noted—partieularly with the light tank— 
that a very great part of the total time required for tank 
repair is utilized in removing armor and assemblies in order 
to obtain aecess to the damaged part, so that by the time 
a tank is in condition to accomplish a major repair, it is, 
in most instances, in shape to take a complete overhaul 
with very little additional expense. To replace a broken 
reduction gear in a light tank, for example, and not go 
completely over the engine, clutches, transmission, controls, 
ete., while the tank is open, is little short of a crime. The 
same is true of the Mark VIII; when the radiator is out— 
or the engine—or when the track is broken—advantage 
should be taken of the opportunity to carefully inspect and 
adjust, repair or replace everything that is made available. 

Reference is made to the distinction set up by the tank 
training regulations between “maintenance” and “repairs.” 
In the main it establishes an excellent line of demareation 


But the shop commander must keep in mind that 


poses. 
in many instances the replacement of a comparatively insig- 
nificant part involves all the elements of a major repair, 
and this in turn, if economy of time and money is to be 
observed, often ealls for a complete overhaul. Practically, 
then, maintenance is confined to skillful operation 
care, adjustments and 


which is 


tl e most 


important single factor- 
minor repairs, and the replacement of such parts and assem- 


bles as do not require major removals ot tank com ponents. 

When components are required tor replacement in the 
more complicated assemblies—as engines, transmissions, ete. 

it is much better to issue a complete assembly in exchange 
for the damaged one. This means quick replacement for 
the using service, and for the shop, that the necessary re- 
pairs can be made by men trained for that particular job; 
and the assembly can be tested out under proper conditions 
hefore being put in stock for reissue. This system means, 
too, that the shop commander can so regulate his shop as to 
provide a steady flow of productive work; during active 
operations his store of damaged assemblies will pile up, 
hut during that time also, his inspector and stock chaser 
have been busy—and when the pressure eases up, his shop 
has work to do, and material with which to do it. 


Maintenance Activities at Camp Bragg 


FRED A. McMAHON 


BOUT 10 miles from Fayetteville, North Carolina, is 
an Army Camp covering 120,000 acres. It is an 
ideal spot for a Field Artillery post. It is one of 

the largest Field Artillery centers in the Army and is 
destined, because of the sandy soil and moderate climate, to 
become the very largest artillery center in the United States. 
Camp Bragz was under construction when the Armis- 
tice was signed and completed shortly afterward. Since 
that time it has been put to very good use. At the present 
time there are stationed at this camp the 5th and 17th 
Regiments of Field Artillery equipped with 155 mm. how- 
Three of the batteries are also equipped with 75 
mm. guns. In addition to these there are Ordnance, En- 
gineer and (Juartermaster Wherever Artillery 
troops are stationed, there is always an immense amount 
of work for the Ordnance troops at that post and especially 
so at an Artillery training center due to the daily firing 


itzers. 


troops. 


and maneuvering for training purposes. 

The Ordnance Department is represented at Camp Bragg 
by the 13th Ordnance (Maintenance) Company, which was 
organized in February, 1921, out of the 141st Ordnance 
Depot Company. The authorized strength of the company 
is 48 men, but at present the strength is 55 enlisted men. 
There is also a Field Officer of the Ordnance Department 
who is Camp Ordnance Officer and a Captain who is in 
charge of the Company, its warehouses and shops. The 
Camp Ordnance Officer, Major James Kirk, is on the 
Siaff of the Commanding General and aets as Ordnance 
Advisor to him. As this eamp is a training center, it is no 
mean task to keep all concerned and interested informed as 
to the latest werd in Ordnance. 

The purpose of the 13th Ordnance Company is to serve 
as a base of supply for all troops stationed here, i. e., to 

property, such as ma- 


furnish all articles of ordnance 


chine guns, small arms, range-finding instruments, 5 and 
10-ton tractors, 75 mm. guns and 155 mm. guns,* with 
carriages, caissons and limbers, target 
munition. In ihe near future 8-inch howitzers, 155 mm. 
guns and 240 mm. guns will also be part of the ordnance 
used at this camp. This constitutes the supply work 
which the Maintenance Company is ealled upon to do. 

In addition to supplying the equipment necessary for the 
proper functioning of the regiments in training here, it 
also devolves on the company to keep the equipment in 
In order to do this, it is necessary 


matériel and am- 


proper working order. 
to have a considerable number of mechanics among the 
enlisted personnel and to instruet the remaining members 
in the repair anc care of ordnance so that training may be 
carried on in a proper manner. 

The 13th Ordnanee Company, besides being equipped 
with its allowanee of artillery repair, artillery supply and 
small arms repair trucks, has its semi-permanent shops 
where the majority of the work is done. 

The shops are of frame construction with concrete floors 
and are well iighted and ventilated. They are centrally 
located and are within easy reach of all the organizations 
at this camp. There are a well equipped machine shop, a 
blacksmith shop and a traetor shop. 

The machine shop is a frame building, 30 by 60 feet. 
There is a zivilian armament machinist in charge of this 
shop. The shon is equipped with the following machines: 
one milling machine, one 12-inch lathe, one 18-inch lathe, 
one combination milling and drill machine, one high speed 
drill press, one 26-inch drill press, one 16-inch shaper, one 
floor grinder, one tool post grinder, one portable drill, one 
portable tool post grinder, one tool makers’ drill, one 
arbor press and one hack-saw machine. All machines in 
the shop are motor driven. 
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Tractor Shop of 13th Ordnance Company, Camp Bragg, N. C. 


shop personnel and, if the gun ean not be repaired im- idler 
mediately, a new or a repaired gun is issued in its place, pisto 
so that there is no waiting. The work done in the machine _ lines 


tor; mounting gun on carriage, repairs to traversing and both 
elevating mechanism. Th 
The blacksmith shop is a frame building, 20 feet square. altho 


ot the following: welding of all kinds, soldering water mech 
over 
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Blacksmith Shop of 13th Ordnance Company, Camp Bragg, N. C. may 





manifolds, gas line and lower transmission cases; repair- In 


due to the large number of tractors on hand at this camp not n 


work too diffieult to be done at this shop as both the eivil- Maint 
ian and the military personnel are highly trained tractor Army 










































Hardly a cay goes by that some battery does not have mechanics. Such work as the following is being done at 
some kind of trouble with a gun or tractor. The gun is’ the company shops daily: welding and machining eylinders, 
sent to the machine shop and is looked over by the machine rebabbiting dvive pinion shaft, fitting cam shaft bearings, 


shop by the personnel of the company consists chiefly of repairing stecring and master clutches; grinding valves; 
the following: dismounting of guns, either 75 or 155 mm. reseating valves in cylinder heads, repairing seats and 
dismounting of reeuperator and draining of liquid to ex- armor; repairing oil gauges; testing tractors. A school 
amine all gaskets, rings and valves and to replace gaskets is also condueted in the tractor shop for the instruction of 
and broken and worn out parts; recharging of recupera-_ enlisted men in the eare, repair and driving of tractors, 


The regular personnel consists of a technical sergeant and transmission department; assembly department. 
a private. The work done in this shop consists mainly When a tractor is in need of repairs and the battery 


10-ton tractors ready for immediate use at all times; this 
in addition to keeping all tractors in the hands of organiza- 


spare parts to be kept on hand in the spare part room of 


continually in the repair of tractors. Replacement of 


turned in to this room and new parts issued without requi- 


The optieal repair shop has not been fully equipped as 
y | 


instruments are made in the machine shop. 


ing radiators, making special tools for working on guns and plates sending here the basie school of Field Artillery and 
tractors. the School for Army Tractor Drivers, schools are being 
The tractor shop is a frame building 24 by 84 feet. In conducted in the warehouses and different shops to train * 
addition to the enlisted personnel of 14 men, there is a_ enlisted men of the company in the various duties which 
civilian foree of 4 men. This shop is a very busy place they should know. These schools are for the men who were 


and due to the fact that a number of tractors have been not had the training afforded at the various Ordnance 
shipped here in an unserviceable condition. There is no schools. It is the aim of the Ordnance Officer to make the 
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Machine Shop of 13th Ordnance Company, Camp Bragg, N.C. 





gears end governor bearings; fitting piston and 
n rings in eylinders; repairing water pumps, gas 
and gas tanks; repairing and overhauling of engine; 


5 and 10-ton. 
e tractor shop has the following departments which, 
ugh small, are very efficient: Motor department; 


anies ean not make the necessary repairs, it is turned 
to the Ordnanee Company and a serviceable tractor is 
| in its plaee. When the tractor is repaired, it is 
1 and, if not needed for immediate use, is prepared 
torage. It is the aim of the Ordnance Officer at this 
to keep at least ten (10) 5-ton tractors and ten (10) 


in proper repairs requires quite a large supply of 


ractor shop. This room is fitted up with different 
bins containing spare parts which are being used 


parts to organizations is also made from this spare 
room. Parts broken due to fair wear and tear are 


ut it is contemplated equipping this shop so that in the 
future all the necessary repairs to optieal instruments 
be made. At the present time repairs to fire control 


view of the fact that the War Department econtem- 


iechanies before enlisting in the Army or who have 


enanee Company at this post second to none in the 
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Member 


HE increase in size which has been made possible, 
when guns were mounted on railway earriages, has 
greatly augmented the necessity for providing ade 
quate maintenance. The large size of parts, compared with 
field artillery, severely limits the possibility of carrying a 
large supply of repair parts, so that an effort must be 

















Machine Shop Car, arranged for transit 


made to repair parts in the field which on smaller guns 
could be replaced. Maintenance facilities must be trans- 
ported in the same manner as the guns served to preserve 
the mobility of the unit. 

For tractor regiments, therefore, Heavy Mobile Ordnance 
Repair Shops have been provided, and on a like basis one 
machine shop car is provided for each battalion of a regi- 
ment of railway artillery. The equipment of machine shop 
ear consists of the following items, all machine tools being 
motor driven: 


16-inch by 10-foot Lathe, taper attachment, milling attachment 
ranged for screw cutting. Full equipment of lathe tools, dogs, mil! 
ing cutters, ete. 

16-inch Shaper with equipment of tools. Drill press, to drill holes 
up to half inch; 32 drills of various sizes and types 

8 by 32-inch Speed Lathe with tools Tool grinder, electric be 
type, portable electric drill, switchboard, air hammer 

Welding and Cutting Outfit—Oxy-acetylene—with supply of spare 
parts and welding rods, air compressor 2% by 3 inches, motor driven 
blacksmith anvil and forge, and set of blacksmith tools, soldering out 
fit, complete sets of taps, dies, rivet sets, chucks, files, twist drills for 
hand use, in fact every kind of machinist hand tools. 

Complete set of carpenter tools. 

Supply of material. 


h 


The supply of hand tools is much larger than needed for 
the machine shop ear, the extra tools being intended for re- 
pair gangs working in the field. Half of the sides of the 
ear are arranged to lower to the horizontal, and increase the 
working area. 

One of these machine shop cars received a thorough test 
in the target practice with 8-inch Railway Barbette Rifles, 
Model 1918, which took place in Massachusetts in August, 
September and October of 1920, in which over two hundred 
rounds were fired. Two batteries of 8-ineh rifles (four 
guns each) were sent from Camp Eustis, Virginia, to Camp 
Devens, Rockport and Provincetown, Massachusetts, mak- 
ing a train of fifty ears. The machine shop car made all 
necessary repairs for the equipment of this battalion and 
rendered very satisfactory service. 

When any more such ears are built, it would be desirable 
to decrease the height of car, to avoid trouble with rail- 





Maintenance of Railway Artillery 


By 





L. WALL 


A. OLA 


way clearances; and to inerease the capacity of the drill 
press to drill holes up to one inch. 

The variety of the work is shown by the list of jobs per- 
formed. 

Gun and Carriage Repairs. 

Made cushion supports for all guns, the original supports 
for travelling position proved too rigid in transportation. 
Made shell tray, brass coupler, special loading apparatus, 
hooks for rammer and sponges, extension for outrigger sup- 
ports, outrigger bolts, clamps for traversing shaft, wrench for 
obturator spindle, cam shaft nuts and oil plugs. Repaired shell 
trucks loading platform, rotating crank latch, extractor, and 
breech blocks. Adjusted quadrants, anti-friction devices, eleva- 
ting worms, outriggers, elevating and traversing worms. All 
ammunition hoists were changed to a more convenient location, 

Repairs to Fire Control. 

Made arm, coupler and ruler for plotting boards, ratchet 
for time interval recorder, scale and various attachments for 
fire control. Repaired time interval recorder. 

Repairs to Motorcars. 

Made hinges for truck, clutch screws, bolts, and butterfly 
valve for carburetor. Repaired radiators, brake bands, wrist 
pins and electric apparatus on Dodge cars, 

Repairs to Motorcycles. 

Made bushings for crank shafts, cover for radiator, exten- 
sion rods and adjusting serew for clutch. Repaired several 
motoreycles, 

Miscellaneous Repairs and Work. 

Made water rheostat, file handles, flag holders, dummy 
fuzes, filister head screws, taper drifts, ladder hooks, plumb 
bobs, switch board terminals and hose couplings. Repaired 
surveyor’s rods, anchors, triplex blocks and serew jacks. An 
artist’s easel, broken by a Government car, was repaired, a job 
which had not been foreseen in designing machine shop cars. 

General Instructions for Maintenance 

The greatest enemy of guns and carriages is water, the 
large masses of metal cool in the night and any moisture in 
the atmosphere condenses on the gun parts, so that in an 
atmosphere with high humidity it may be assumed that the 














Machine Shop Car, sides open ready for work 


gun and earriage will be covered with a film of water for a 
portion at least of each day. This of course causes rust, the 
only safeguard being through slushing and frequent ex- 
aminations of the slushing to make certain that rust does 
not oceur. If Getected at once, rust may not do permanent 
damage, but if neglected will soon render the gun unservice- 
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Left: View from lathe end of car, showing lathe, generator, drill press and 
end of shaper. Bench for speed lathe at end of car. 





able. Slushing oils or greases must be thin enough to 
spread thoroughly so that no voids will be left (may be 
heated if necessary), and should not be thin enough to 
separate and flow in hot weather. Cases have been found 
where slushing in bore of gun has separated at top of bore 
and a streak of rust two or three inches wide occurred, 
showing the necessity of frequent inspections. Sand paper 
must not be used in removing rust. Number 1 emery 
eloth will remove ordinary rust without making the deep 
scratches caused by sandpaper. 


Running Gear of Carriage. 


The condition of the journals, of the axles and the pack- 
ing in the boxes should be watched, and about October 1, 
winter oil (relatively thin car oil) should be used, by sub- 
stituting wool waste soaked at least twenty-four hours in 
winter oil for the waste in the journal boxes. Similarly 
about May 1, waste impregnated with summer ear oil 
should be substituted. This is advisable, because the waste 
depends on eapillary attraction to lift the oil to the surface 
of the journal and in cold weather a thick oil will not rise. 
Waste as removed should be placed in tanks, to preserve 
the oil and waste for future use. There is no objection to 
using waste many times, provided it is clean and not 
charred. While wool waste is best, it is expensive and some 

















Parts of fifty-car train ready to leave Camp Eustis for Camp Devens 


times difficult te procure. Cotton waste mixed with spongy 
vegetable fiber to prevent matting will serve nearly as well, 
if wool cannot be obtained. The waste should be packed 


fairly tight in box, particular eare being taken to see that 
it is in good contact with lower part of axle, for if it does 
not touch the axle no oil can be supplied to lubricate the 








Right: View from generator end of car, showing switchboard, air com- 
pressor (on floor right), shaper and part of lathe. 


journal. The surface of the journal should be examined at 
intervals after ears have been moved to make sure that it is 
smooth and tree from cuts or The journal brass 
should have a liberal clearance at the sides, to allow the oil 
to enter as brass can be so tightly fitted that it will run 
hot. The journal brass is usually lined with lead about one- 
eighth-inch thick, and when this lining is worn through, or 
shows undue wear at one end or side, it is best to replace 
it, and in the latter case investigate cause of uneven bearing 
pressure. Wheels should be watched for worn thin flanges, 
eracks and flat spots. Undue wear of flanges at one point 
usually means a bent axle, or improperly mounted wheels; 
thin flanges (detected by M. C. B. gauge) are important as 
tending to cause derailment. Once a year the ear body 
should be jacked up, and the center plates examined and 
lubricated with grease. Side bearings should be lubricated 
and the elearance kept within prescribed limits, usually a 
quarter of an inch a side. Cars having equalizers and 
springs need occasional lubrication at bearing points, and 
examination to detect broken hangers or spring plates. 
The brake system should be carefully examined at frequent 
intervals and beth hand and air brake should have frequent 
tests. The trinle valve should be cleaned once a year, and 
the travel of the brake piston kept within the limits specitied 
in air brake books. If possible carriage should be moved at 
a speed of five to ten miles per hour over a distance of two 
miles, at least twice each month. 


seores. 


S-Invh Barbette Carriage, Model 1918 


Gun should be kept level (or zero elevation) with breech 
and muzzle weil covered. Bore of gun should be well 
slushed, when not in frequent use, and breech mechanism 
should be operated frequently and carefully examined for 
any signs of rust or dirt. Carriage should be traversed 
from time to time throughout the entire allowed movement. 
It is especially important that all parts of the carriage 
be kept free from rust at all times. Oil holes, when pro- 
vided, must be cleaned out frequently to keep them free 
from sand and grit, and will be kept elosed by oil plugs ex- 
cept in act of oiling. Before oiling any hole, wipe out care- 
fully any dirt in the opening that might be carried down 
into the bearing by the oil. All parts where oil holes are 
provided should be lubricated at frequent intervals whether 
carriage is maneuvered or not. Two or three times a year 
the dust guards around base ring and roller path should be 
removed and «nv chips or cinders in roller path removed. 

Reeoil Meehanism—Reeoil cylinder should be emptied and 
refilled onee every three months, and thoroughly cleaned 
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ence every six months. Reeoil cylinder oil should be stored 
in closed cans, and earefully protected from dirt, sand or 
grit. Oil withdrawn from cylinder and containing sediment 
must not be used again, until it has been allowed to settle 
for twenty-four hours. All cylinder oil must be strained 
through a clean piece of linen ver muslin before using. Ex- 
terior of cylinder should be kept oiled and free from rust, 
and when earriage is te be idle for extended periods, out- 
side of eylinder should be coated with light slushing oil. 

Hlevating Mechanism—When earriage is to be kept i 
readiness for service, or is in daily use, the gun should be at 
least once each day maneuvered through the entire range of 
elevation to make sure all parts are working properly. As 
often as is nzcessary the elevating rack should be wiped 
clean with cotton waste, and a thin but uniform coat of 
graphite greas2 applied to rack teeth. If the carriage has 
stood idle for any considerable length of time, the rack 
should be thoroughly cleaned with cotton waste saturated 
in kerosene and wiped dry before coating with graphite 
grease. At least every three months, or as often as the 
service demands, the covers should be removed from the 
upper and lower gear cases and a careful inspection made 
us to the condition of the gears. About once every six 
months the gears and the inside of the gear eases should 
be thoroughly cleaned with cotton waste, saturated with 
kerosene, wiped dry, and the gears given a light coat of 
graphite grease. 

Traversing Mechanism—As often as is necessary, the 
upper traversing gear case cover and the lower traversing 
gear case cover should be removed and a eareful inspec- 
tion made as to the condition of the gear. At least once 
every six months the gears and the inside of the gear 
eases should be thoroughly cleaned with eotton waste, satur- 
ated with kerosene, and 1 light but uniform eoat of grease 
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applied to the gears. When the gears are being cleaned, it 
is well to inspect the condition of the friction dises to make 
sure they are in good operating condition. 

Panoramic Sights, range quadrants and firing mechanism 
should be treated with the greatest care, removed from the 
un when not in use, and stored in cans or boxes provided. 


12-Inch Mortar Carriage > Model 1918 


All the remarks made in connection with 8-inch gun 
apply to the 12-inch Mortar Carriage, Model 1918, with 
the following additions: Mortars are usually kept elevated 
at forty-five degrees, breech blocks are removed when gun 
carriages are stored, well slushed and stored in a dry place. 

The liquid used in the recoil mechanism is a solution of 
equal parts of glycerine and water, density should be 1.15, 
and must have a neutral or alkaline reaction, caused by 
adding C. P. caustic soda or potash. Liquid should be 
filtered before use, and handled in a similar manner to 
that prescribed for eylinder oil under 8-inch guns. 

The recuperator in the mortar is a eylinder filled with 
liquid and compressed air (springs perform same function 
on 8-inch gun). It returns-the gun to battery, and holds 
it in position; pressure, either air or liquid, must never be 
relieved while mortar is elevated. Reeuperator should be 
cleaned and drained at the same intervals as recoil eylinders, 
liquid used is the same, and should be handled the same 
way. No part of recuperator should be taken off while air 
pressure is 9n system. Distance from rear face of washer 
on front end of piston rod and front face of stuffing box 
gland, indicates amount piston has moved toward plunger 
due to leakage. This distance must not be allowed to equal 
or exceed 5°4 inches, this may be controlled by refilling plun- 
ger with liquid. Disassembly or assembly of reeuperator 
should not be undertaken in field unless absolutely necessary. 


Triplex Combination Machine 


JOHN CETRULE 
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ember 


HE maximum utilization of available space is one 
of the most important faetors in laying out ma- 
chinery in industrial plants. For individual machines 
the maximum utility and usefulness are obtained when 
they are designed for convenience of operation, accessi- 
bility of operating handles, 
minimum of space, performance 
of a maximum number of op- 
erations, elimination of loose 
parts and attachments which are 
sasily lost. To fulfill a demand 
for such machine tools which 
ean perform a maximum num- 
her of operations and yet oc- 
cupy a minimum amount of 
space, the Triplex Machine 
Tool Corporation of New York 
City have developed a new line 
of combination machine tools. 
These machine tools are of great 
use for commercial purposes 
and have many possibilities of 
value for military purposes. 
The machine shown combines 


the functions of the lathe, hori- Fig.1. Turning and Boring 


zontal and vertical milling ma- 
chine and the drill press. Every operation that can be 
performed on the three separate machines can be per- 
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formed on this machine, which also has several distinet 
features not possessed by other ordinary machine tools. 
One unique feature is that the head can be so shifted on 
its supporting arm that it ean operate at any angle. The 
spindle ean be fed out of the head by means of the spider 
wheel shown, and it ean be 
locked at any position whenever 
desired. This feature of being 
able to feed the spindle is of 
great advantage in milling and 
lathe work, .as an extended 
spindle which ean be locked in 
any position is often required 
to handle difficult jobs. 

The spindle is driven by 
means of a reversible ball-bear- 
ing motor running at a con- 
stant speed of 1,750 revolutions 
per minute. Six speeds are 
provided for the spindle, the 
lowest being 90 and the highest 
1,150 revolutions per minute. 
The low speeds enable the ma- 
chine to perform turning, bor- 
ing and milling operations of 
a fairly large size diameter 
and the high speeds are desirable when using very small 
sized drills or boring tools for small holes. The change 
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in speed is obtained by operating the knob shown just 
the spindle, so shift are in 
the head. The motor is mounted upon a pad on the rear 
of the head and is belted to the gear shaft by a two-speed 


above as to which 


rears 


ecne pulley. 
In figure 1 the machine is. shown equipped for lathe 
Turning 


work, the spindle being in a horizontal position. 
between centers, with chucks, 
épring collets or boring is per- 
formed identically as upon other 


lathes. In turning or boring 
tapers, this machine differs 
from the conventional lathe in 


that the bed mounting the tool 
post is swung about the vertical 
column to the right or left of 
the longitudinal axis of the ma- 
chine. The tailstock, which 
ries the dead center, is mounted 
at the right end of the base and 
can be removed when not needed. 

The machine ean be readily 
transformed into a milling ma- 
chine as shown in figure 2. Mill- 
ing cutters are mounted upon 


car- 


an arbor; or end mills can be 
inserted in the spindle. The Fic. 2. 
micrometer handwheels shown 


are used for vertical, longitudinal and transverse feeds, 
respectively. 

In figure 3, the head including the motor is shown set 
up at an angle upon the graduated are and doing a mill- 
ing operation. The head is counterbalanced by a weight 
inside of the cireular 
column. 

When cutting threads 
on the machine, a mas- 
ter screw mounted on 
the extension of the 
spindle at the rear of 
the machine is used, in- 


stead of the conven- 
tional lead screw that 
other lathes use. The 


work is held in a chuck 
or spring collet, and 
while the spindle is re- 
volving, a handle hold- 
ing a nut segment is 
placed in contact with 
the master screw, so 
that the spindle is 
caused to feed forward. 
The cutting ‘tool remains 
stationary during the 
cutting action. At the 
end of the cut, the nut 
segment is thrown out automatically by the taper on the 
handwheel next to the master serew, and the spindle is 
then returned to its starting place by means of the pilot 
wheel. 

When the head is vertical as shown in figure 4, the ma- 
chine becomes either a drill press, a vertical milling or a 
profiling machine. The whole bed may also be swung 
to the rear of the machine, thereby enabling horizontal, 
angular or vertical operations to be performed upon large 
work that is strapped to the base of the machine. 

On production work requiring angular drilling or mill- 


Angular and Vertical Milling 


Fig. 3. 
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ing operations, the machine eliminates many expensive jigs 
and fixtures by using the cireular are with the spindle feed 
feature. Very little installation work is required in placing 
the machine in position and no counter 

Machines of this type are particuarly useful in Ordnance 


shafting is required. 
Field Service work, as several of them can be mounted on 
a mobile Ordnanee repair truck or the machines can be 
used in advance base shops. In 
the Field 
have to be made to a very wide 


Service many repairs 
variety of equipment, such as 
machine guns, rifles, fire control 
instruments, automobiles, motor 
equipment, tanks, tractors, ete., 
and during active service most of 
the repair jobs are of a rush na- 
ture. As there are no jigs, fix- 
tures or special tools available, 
multi-purpose machines are most 
useful for work of this character. 

Multi-purpose machines of this 
type are also useful for repairs 
of airplane and balloon parts at 
aero-flying bases, for repairing 
electrical Apparatus of the Signal 
Corps and Engineer Corps. The 
machines used to 
great advantage on board: ships 
and naval vessels of all types. 

In arsenals which are constantly doing new experimental 
work, universal machines are indispensable as time and ex- 
pense savers, especially when only one particular device is 
being manufactured and, due to high cost, does not warrant 
making for it any jigs 
or fixtures after the de- 
vice is completed. In the 


Milling ean also be 


making of metal pat- 
terns in arsenals, this 
type of machinery is 


very practical. 
For commercial uses, 
multipurpose machinery 
of this type has been 
employed to great ad- 
vantage in tool rooms, 
machine shops, experi- 
mental laboratories, jew- 
elry shops, metal pat- 
tern shops, power plants 
private estates and for 
inventors. 
All spindle 


of the machine deseribed 


bearings 


above are made tapered 
and are adjustable for 
wear. All the bearings 


Fig. 4. 
are of phosphor bronze 


Drilling 
and are provided with oil grooves to insure proper lubri- 
eation. All gears are of steel and the spindle and tailstock 
are made from alloy steel and accurately ground. All feed 
screws are provided with micrometer dials to obtain pre- 
cision adjustments. Graduations, in inches per foot, are 
provided for turning tapers and, in degrees, for swivelling 
the bed. The carriage can be locked in any position and 
the spindle head is tightened on the radial arm by a 
The spindle head is counterbalanced by, a coun- 
The construction is such 


single nut. 
terweight in the vertieal column. 
that all similar parts are fully interchangeable. 
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orps Area and Department 
Ordnance Officers 
H.R. <UT< 


NDER the provisions of War Department General 
Orders No. 12, series 1921, creating Ordnance Field 
Service, the Corps Area and Department Ordnance 
Officers are the representatives of that service on the Staff 
of the Corps Area or Department Commander, and as such 
are charged with the supervision of all functions assigned 
thereto by Army Regulations, namely: supply, inspection, 
maintenance, alteration and improvement of all ordnanee 
material within the Corps Area or Department under the 
jurisdiction of their Commanding Generals. As the agent 
et the Corps Area or 
nanee Offieer is charged specifically with the technical super- 


Department Commander, his Ord- 


vision of maintenance, with the application of alterations, 
with such inspections as are deemed necessary, and with 
the duty of advising the Commanding General on all Ord- 
nance matters. He is in fact a Deputy Chief of Ordnance 
for his Corps Area. 

His jurisdiction, in general, is coincident with that of the 
Corps Area or Department Commander as defined in gen- 
eral orders from time to time. Occasionally he may act as 
special inspector of ordnance material, or as the special 
representative of the Chief of Ordnance in certain matters, 
with the approval of his Commanding General, but in gen- 
eral he should have no authority or duties whatsoever with- 
out the jurisdiction of the Corps Area or Department 
Commander. 

As representative of the Chief of Ordnance and as 
agent of his commanding general, he administers the Field 
Service organization of his area, which in a general way 
parallels the administrative organization of the Corps Area 
or Department in purely technical and routine matters 
only. The Corps Area or Department Ordnance Officer 
voes not command the Tost Ordnance Officers, who are 
staff officers of and responsible. to their own local Com- 
manding Officers. He may command by authority of the 
Chief of Ordnance in technical eases only, and by author- 
ity of his Commanding General in administrative eases, 
but per se he has no command. When matters other than 
those of a purely routine or technical nature are handled 
directly between the representatives of the Supply Branches 
at Corps Area or Department Headquarters and _ their 
lceal representatives at camps, posts or stations without 
the knowledge and co-ordination of headqnarters, con- 
flicting instructions, confusion, and misunderstanding fre- 
cuently result. In order, therefore, to properly co-ordinate 
the policies and activities of Headquarters as a whole, all 
matters not purely technical or routine in their nature 
should be handled through the medium of the Corps Area 
or Department Adjutant. 

The Corps Area or Department Ordnance Officer is also 
the technical adviser of his Commanding General in every- 
thing pertaining to Ordnance, and, as such, maintains the 
cffice of record in all matters pertaining to armament, to 
the supply of ordnance to troops, and to the ordnance per- 


sonnel under the jurisdiction of his Corps Area or De 
partment Commander. He assists in the preparation ot 
pertain to ordnance material, 


and maintains for this purpose such records as may be 


war plans insofar as they 


necessary. 

In the performance of these duties the Corps Area or 
Department Urdnance Officer is assigned certain technical 
and administrative assistants, and maintains such organiza- 
determined by the special requirements of his 
problems of a Department Ordnance Officer 
from those of a Corps Area Ordnance 


tion as is 
area. The 
differ materially 
Officer in that the former also commands the Ordnance 
his Department with its extensive repair and 
storage faciliiies. His isolation from manufacturing arse- 
nals and the length of time required to replenish supplies 
necessitate a more independent organization than that of 
the Ordnance Officer of a centrally located Corps Area. 

Personnel requirements in the several Corps Area and 
Department Ordnance Offices vary materially, and the par- 
ticular arrangement and comparative size and importance 


Depot ol 


of the various necessary sections of these offices are to a 
considerable degree dependent on the conditions peculiar 
to the particular Corps Area, such as the number and dis- 
tribution of Regular Army troops, National Guard organ- 
izations and R. O. T. C. Units, the amount and location 
of armament, and the degree of organized reserve activity. 
Otherwise, however, the duties and problems of all Corps 
Area or Department Ordnance Officers are, in, general, 
quite similar, and vary only with the local situation. These 
duties may be divided under the general headings: 

(a) General Administration. 

(b) Maintenance, Alteration and Inspection of Arma- 

ment. 
(¢) Supply ot Troops. 


General Administration 


To enable him to properly perform the duties outlined 
above, the Corps Area or Department Ordnance Officer 
maintains a general administrative office which handles all 
cerrespondence, keeps the necessary records and reports 
pertaining to finances, and administers, through the Corps 
Area or Department Adjutant, all Field Service personnel, 
both enlisted and civilian. 


Correspondence. 


In the matter of correspondenee, direct communication 
is authorized between all representatives of Ordnance Field 
Service, and between the Corps Area or Department Ord- 
nance Officers and the Chief of Ordnance in all technical 
matters pertaining to the operations of the Ordnance De- 
partment where such action will not infringe upon the pre- 
rogatives of the Commanding Officers or their authority 
over their subordinates. No hard and fast 
given with respect to the routing of correspondence, and 
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the Ordnance Officer must exercise good judgment to com- 
ply with the spirit of sxisting orders. Better co-ordina- 
tion is insured if the Adjutant functions as the official 
mouthpiece of Headquarters, and hence all correspondence, 
unless purely routine or technical in its nature, should be 
handled through his office after conference with the Chief 
of Staff or other appropriate staff officer. 

Upon receipt correspondence is recorded and classified 
in accordance with the Dewey-Decimal System as required 
by existing orders. In addition to a general correspond- 
ence file, a confidential file should also be maintained in a 
safe or locked filing-eabinet. An office follow-up on all 
urgent correspondence or correspondence on which action 
is to be deferred until a later date is also ordinarily main- 
tained. Mailing lists are established to cover the distribu- 
tion of Ordnance Field Service Bulletins, the Ordnance 
Provision System and its changes, and cireular letters orig- 
inating with the Corps Area or Department Ordnance 
Officer. It is an excellent practice to file a copy of the 
mailing list showing to whom distribution has been made 
with a copy of the Ordnance Field Service Bulletin or cir- 
cular letter. 


Finance. 


Annual estimates in such detail as may be required are 
submitted to the Chief of Ordnance before the tenth of 
May, for the iiseal year beginning July Ist of the follow- 
ing year, covering the general maintenance of mobile and 
seacoast armament and the operation of the Corps Area 
or Department Ordnance Office. From time to time, ad- 
ditional estimates are submitted for such projects as have 
not been specitically covered by these annual estimates, 
such as alterations, repairs to ordnance matériel in the 
hands of the National Guard, ete. Based upon these esti- 
mates, the Ordnance Office issues to Corps Area or De- 
partment Ordnance Officers Procurement Authorities which 
authorize the obiigation or expenditure of funds not exceed- 
ing‘the amounts specified for the particular purposes shown 
on the face of the Procurement Authorities. Vouchers for 
pay of civilian employees, for per diem allowances and 
actual expenses of machinists while on temporary duty, for 
officers’ mileage, and for the purchase of material and sup- 
plies, are prepared in the Corps Area or Department Ord- 
nance Office and submitted to the proper Finance Officer 
for payment. 

In connection with the allowance of a flat per diem rate 
in lieu of subsistence to machinists, it should be remembered 
that there should be allowed, within the allowances pre- 
scribed by regulations, only the amount actually required 
to compensate an employee for additional expenses inci 
dent to his performing duty away from his permanent 
station. 

An aeceurate ledger record of Procurement Authorities, 
obligations (ineluding Transportation Requests), expendi- 
tures, and revocations must be kept in order that the 
status of any Procurement Authority may be known at 
any time, and that the monthly financial report required 
by the Chief cf Ordnance may be rendered. When a Pro- 
curement Authority is not sufficient for the purpose for 
which it is made, a request for additional funds must be 
submitted to the Chief of Ordnance, but, under no cireum- 
stances, will a deficit be incurred. 

Procurement Authorities are also issued by the Chief of 
Ordnance to the Commanding Generals of Corps Areas 
and Departments to cover the cost of transportation of 
ordnance matériel to and from Regular Army and R. O. 
T. C. units, and to cover cost of transportation, packing, 
handling, loading, ete., of ordnance matériel to be shipped 
to and from National Guard organizations. Status of 
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these Procurement Authorities is also kept in the ledger, 
as the responsibility for keeping obligations and expendi- 
tures within the amounts specifically authorized rests with 
the Corps Area or Department Ordnance Officer. Requisi- 
tions for ordnance matériel are ordinarily forwarded to the 
nearest appropriate issuing establishment, designated as 
the supply point for the article requested, for an estimate 
of the cost of transportation, and, in the ease of National 
Guard organizations, for the estimated cost of transporta- 
tion, packing, handling, loading, ete. Upon receipt of 
these estimates, funds, if available, are obligated from 
the proper Procurement Authority, and the issuing estab- 
lishment is advised accordingly and authorized to make 
shipment. Such authorization should always state the 
maximum ameunt which may be obligated. If funds are 
not available, action on the requisition is suspended and 
the Ordnance Office is advised accordingly. Upon comple- 
tion of a shipment, the issuing establishment advises the 
Corps Area or Department Ordnance Officer of the cost of 
transportation cbligated, and in addition, in the ease of 
shipments to the National Guard, the eost of packing, 
handling, loading, ete. Upon reeeipt of this information, 
such adjustments as may be necessary are made in the free 
balance under the proper Procurement Authority. All 
ransportation accounts are finally settled in the Trans- 
portation and Telegraph Branch, Office of the Chief of Fi- 
nanee, Washington, D. C., and reports of bills of lading 
paid by that office showing actual costs are furnished by 
the Chief of Ordnance to the office holding the Proeure- 
ment Authorities to which they are chargeable. Upon 
receipt of these reports, further adjustments in the free 
balance of Procurement Authorities will usually be neees- 
sary. Cheek of all Procurement Authorities on hand should 
be made about May 1 in order that authorities expiring on 
the following July 1, under which there is a surplus on 
hand, may be reported for revocation by the Ordnanee 
Office for utilization elsewhere. 


Personnel—Civilian. 


The emplovment of civilian personnel, including their 
hire, pay, -lischarge, leaves, and allowances, is covered in 
general by Civil Service Regulations. The time of arma- 
ment and resident machinists is submitted four times a 
month on a time eard signed by the officer under whose 
supervision they have worked, and payrolls are prepared in 
the Corps Area or Department Ordnance Office. The sal- 
aries of civilian employees in the Corps Area or Depart- 
ment Ordnance Office are properly chargeable as overhead 
to the appropriations covering the work to which their 
time is devoted. Vaeation schedules are prepared to cover 
all employees so that the work will not be handicapped by 
an accumulation of leaves at any period during the vear. 
Monthly reports covering status of civilian personnel are 
submitted to the Chief of Ordnance and to the Civil Ser- 
vice Commission as preseribed by regulations. 


Personnel-—Military. 


Correspondence passing through Corps Area or De- 
partment Headquarters with reference to change of sta- 
tion, promotions and transfers of Ordnanee enlisted per- 
sonnel should be handled by the Ordnance Officer in ae- 
cordance with the expressed desires of the Commanding 
General. Appointments and promotions in the grade of 
non-commissioned officer, and transfers of enlisted Ord- 
nance personnel to and from the Corps Area or Depart- 
ment are acted upon by the Chief of Ordnanee, or other- 
wise as prescribed by Army Regulations. From the peri- 
odie rosters of enlisted personnel submitted to or through 
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Corps Area or Department Headquarters, information 
eoncerning the status of enlisted personnel is always avail- 
able to the Ordnance Officer, who is thus enabled to furnish 
such reports as It is desirable to main 
the Corps Area or Department Ordnance Office 


may be necessary. 


tain in 
personnel records of Ordnance enlisted men of the higher 
erades, ineluding data as to their efficiency. For this 


purpose, the annual personnel reports ot Master, Teehnieal 
and Staff Sergeants should be forwarded to the Chief of 
Ordnanee through the Corps Area or Department Ord- 
nance Office. 


Maintenance, Alteration and Inspection of Armament 


War Department General Order No. 12, series 1921, 
prescribes the procedure for the maintenance of Ordnance 
material. The Corps Area or Department Ordnance Offi- 
cer is specifically designated as the agent of his Command- 
ing General in the technical supervision of maintenance, 
the applieation of alterations, and in making such inspee- 
tions as are Ceemed necessary; that is, he is charged with 
the responsibility of insuring that the armament of the Corps 
Area or Department is at all, times in the best serviceable 
condition. ‘the final responsibility for the eondition of 
armament in the hands of troops must, however, necessarily 
rest with the leeal line Commanding Officer. The Ord- 
nance Officer may, under authority of the Commanding 
General, inspeet this armament at such times as may be 
necessary to determine its condition. He may, by author- 
ity of the Chief of Ordnance, call upon arsenals for assis 
tance in men and supplies, or, in ease of emergency, he 
may go into the open market and procure such services or 
materials as are obtainable, and for which he may have 
funds available. He exercises technical control over all 
alterations ani major repairs, and technical supervision 
over minor repairs and general maintenance with which 
organization commanders are primarily charged, and takes 
hecessary steps te insure that suitable maintenance facili- 
ties are provi ied. 


Maintenance Personnel. 


In the performance of this work, he has the assistane 
of such field service organizations as are assigned to the 
Corps Area vr Department, and in addition, a civilian 
feree of highly trained meehanies and specialists for ust 
primarily on ertillery material and in connection with the 
National Guard, R. O. T. C., and other units which do not 
have adequate military maintenance personnel. 

The military maintenance personnel available to Corps 
Area or Depaviment Ordnance Officers, in time of peace, 
is limited to the Ordnance Maintenance Companies, the 
local Ordnanee Detachments authorized in War Depart- 
ment Orders, and the Ordnance Officers of the various 
organizations «rd stations 

A civilian armament foreman has direct supervision over 
the work of the civilian machinists designated as arma 
ment and resident machinists, and assists the Corps Area 
or Department Ordnance Officer in his inspections of ar- 
tillery and other ordnance material, in the preparation of 
estimates, in the practical solution of problems of altera 
tion and repair. A resident machinist is usually assigned 
to each Coast Defense under the immediate supervision 
the Coast Defense Ordnance Officer, and is in direct charg 
of all repairs and alterations, laying out the work for the 


‘ 


armament machinists who are ord red by the Corps Area 
or Department Ordnance Officer from place to place as 
their services are required. It is generally necessary fo 
assign at least cne armament machinist to each Coast De- 
fense, and in special eases such additional machinists as the 
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alteration work and major repairs in hand may require. 
While serving at Coast Artillery posts, they assist the fesi- 
dent machinist and are under his immediate direction. 
When on duty with the National Guard or with R. O. T. C. 
; under the immediate orders of the local 
Commanding (fficer but under the direct technical control 
of the armament foreman. When authorized work is per- 
formed for other branches of the War Department, neces- 
sary cost records are maintained, including pay of civilian 
employees, and suitable overhead charges. Upon com 
pletion of the work, bills are submitted through channels in 
order to obtain the necessary transfer of funds and rem 


burse Ordnanee Appropriations. 


Inspec tions. 


One of the most important duties of a Corps Area 
or Department Ordnanee Officer is the thorough technical 
inspection of the armament and other ordnance material 
under his supervision, in order that necessary steps may 
he taken to maintain it in first-class serviceable condition. 
In some Corps Areas, the Commanding General sends out 
selected inspectors at various times to make general inspec- 
tions. These inspectors are furnished by the several staff 
officers with questionnaires covering specific points, and 
report in detail the results. If an adverse report on Ord- 
panee material is rendered, a special inspection by the 
Ordnanee Officer is made if the Commanding General 
deems necessary. 

Under instructions contained in Field Service Bulletin 
No. 42, the [nspection Report form formerly preseribed 
is no longer required to be for- 
As these forms cover the essen- 


bi the Chief of Ordnance 
warded to Wushington. 
tial parts of gun, carriage or other vehicle, and by sug- 
eestive questions insure complete and thorough inspection, 
it is believed that these reports should be made out for 
all organizations inspected, and should be maintained on 
file in the office of the Corps Area or Department Ordnance 
Officer. As promptly as practicable after an inspection 
has been made, a report of the result of such inspection 
should be sent to the post or organization commander 
concerned. In order that there may be no doubt or mis- 
understanding, this report should state in detail the de- 
feets noted and specify the action to be taken by the post 
or organization commander, and the action to be taken by 
the Corps Area or Department Ordnance Officer. De- 
feets which require action by the Office of the Chief of 
Ordnance are reported to Washington by letter. 

All armament should be inspected at least onee a vear 
and more frequently if necessary, depending upon local 
conditions, the type of armament, its exposure to un- 
favorable weather conditions, or the inexperience of its 
maintenance personnel. Such inspection should preferably 
he made just prior to the target practice period so as to 
insure that material is in serviceable condition. The 
organization commander should be advised in advance of 
the date an inspection is to be made in order to seeure the 
presence of the proper personnel and facilities at the in- 
spection. In the ease of National Guard Organizations, 
var. 894 of National Guard Regulations, 1919, requires that 
the inspecting officer notify, through the Commanding 
(jeneral of the Corps Area or Department, the State Ad- 
jutant General of the intended inspection and the date 

ordnance material 


por whieh the pertaining o each 


hattery or organization will be inspected. General Order 
No. 6, W. D., 1922, provides for such inspections of the 
National Guard as may be deemed necessary within the 
limits of funds allotted for this purpose from National 
(iuard appropriations. The Ordnanee Officer and the 
Organization Commander should accompany the Ordnance 
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Inspector whenever practicable. As required by orders, 


Ordnance Otfivers should attend annual target practice. 


They should also be during Lopoertant firings and 
maneuvers in order that 


formation as they may be able to offer will be available to 


pre Sent 
such technical assistance and in- 


the troops participating, and in order that they may ob 
serve the performance of ordnance material. 

Serial numbers of guns, carriages and other vehicles are 
checked at these inspections in order to insure accuracy of 
the records of material. Inspections are also made of 
small arms, machine guns, and ammunition for artillery 
and small arms, together with other material of an explosive 
nature to determine storage conditions, its secnrity in ease 
of internal political disturbances, and its protection 
against deterioration as a result of heat and moisture. 
When ballistic samples are required to be maintained, 
they will be examined together with the records which are 
kept regarding the stability of all lots of ammunition. 


Alterations and Major Repairs. 


Alterations to Ordnance material are permitted only 
under specie instructions from the Chief of Ordnance 
Field Service, and are applied under the immediate diree 
tion of the Corps Area or Department Ordnance Officer 
as the agent cf the Corps Area or Department Comman- 
der, upon receipt of the necessary work orders prescribed 
by Field Service Bulletin, No. 79. These work orders give 
complete information and detailed instructions which en- 
able the Corps Area or Department Ordnance Officer to 
perform the work. It is proposed to issue with modifica- 
tion work orders, sketches showing the work to be done 
and thus avoid the necessity for many Ordnance drawings. 

After receipt of a work order from the Chief of Field 
Service, and when the work is ready to be undertaken, 
similarly-numbered work orders are issued by Corps Area 
or Department Ordnance Officers to the local Ordnance Offi- 
cers at all posts where armament covered by the particular 
work order is located. Drawings, materials, ete., necessary 
are obtained as prescribed in the work order or in existing 
regulations and instructions. 

Both alterations and repairs are carried out under the 
immediate supervision of the local Ordnance Officers who 
ccmmunieate directly with the Corps Area or Department 
Ordnance Officers as occasion may require. Upon com- 
pletion of the work, a work order card (Form 6584) is 
returned to the Corps Area or Department Ordnance Offi- 
cer giving essential information as to date material was 
received, from whom received, serial numbers of guns, car- 
riages or vehizles on which work was performed, date the 
work was commenced and completed, and name of ma- 
chinists engage on the work. The status of current work 
orders is maintained by inspections and by monthly re- 
ports submitted by local Ordnance Officers to whom work 
orders have heen issued. Similar periodic status reports 
are rendered to the Chief of Ordnance by the Corps Area 
or Department Ordnance Officers. Suitable entries will be 
made in the motor log book or gun book when modifications 
are completed. 

In the ease of mobile artillery material, repairs are 
made ordinar'!y by replacement of parts. When it becomes 
necessary to pull down and completely overhaul a gun, ear- 
riage, tank or tractor, which cannot be accomplished in the 
field, it may be sent to an arsenal. The artillery and small 
arms repair trucks supplied for use in the field are very 
complete and are capable in most cases of making such 
alterations or repairs as are necessary. It is expected that 
95 per cent of all such work will be accomplished in the 
field at loeal “serviee stations,” thus affecting a very ma- 
terial saving in the appropriation “Army Transportation.” 
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At Coast Defenses containing fixed armament, un h of 
the work must be done at the emplaceme nts and parts are 
rdinarily repaired instead of being replaced. F this 


ordnance repair 
portant 


purpose, sinall, very complete, 
shops are established 


oast Artillery 


i 


permanent 


and maintained at all in 
pos 
In order to properly supervise and control the work of 


alterations and repair and to be conversant at all times 
with the condition of the armament and the status ot work 
orders, it is necessary for the Corps Area or Department 
Officer to certain records, 
including general assembly drawings of major items of 


together 


Ordnance maintain armament 


Ordnanee under his jurisdiction with such de- 
tuliled drawings as are essential In connection with alterations 
alter- 
Indi- 


vidual record ecards, giving all essential data pertaining to 
which 


or major repairs. Texts of revisions pertaining to 


wiions are filed with their respective work orders. 


ordnance material for 
submitted to the Chief of 
maintained. 

book showing the 


tnajor items o1 reports are 


Ordnance by serial numbers, 
are also 

An armament status of all altera- 
tions on each piece of artillery in the Corps Area, and a 
book showing by work order number the article, brief of 
work to be performed, date work order was issued, whether 
paris were to be issued withou requisition, date parts 
were shipped, date parts were received, date blue-prints 
were received, date blue-prints were issued to local Ord- 
nance Officers, end per cent of work completed, are usually 
kept though not preseribed, in order to have readily ae- 
cessible the exact statas of all work orders and the condi- 
tion of all armament. 

There are also filed in the Corps Area or Department 
Ordnance Office copies of the several periodie reports now 
from “amps and stations relative to the 
ordnance material in their possession, and necessary copies 


of similar reports submitted to higher authority. 


received posts, 


Supply of Troops 

Since the Cotps Area or Department Commander is re- 
sponsible for the proper supply of troops within his com- 
mand his Ordnance Officer must him as to the 
necessity for supplies as prescribed by Tables of Organiza- 
tion, instructions from the Chief of Ordnance, and other 
authorized sonrees and, by authority of the Commanding 
General, must promptly supply such material in conformity 
with these regulations. Issues are generally initiated by 
orders for supply originating with the Chief of Ordnance 
covering new equipment or initial issues, and by requisi- 
tions submitted by local ordnance officers for their organ- 
ization or station commanders, covering replacement, re- 
pairs or additional equipment. However, in rare instances, 
where deficiencies are noted as a result of inspection, or as 
indicated in the Report of Principal Ordnance Stores de- 
scribed hereinafter, the Corps Area or Department Ord- 
nance Officer may direct issues to cover such shortages by 
requisitions originating in his own office. All requisitions 
originating with troops within the territorial limits of the 
Corps Area or Department are routed to the Ordnance 
Officer who upproves the direct issue except in the ease of 
Class IV supplies or controlled stores, requisitions for whieh 
must be forwarded to the Chief of Ordnance for necessary 


advise 


action. 

Requisitions for Ordnance supplies for issue to the 
various organizations within the Corps Area or Depart- 
ment may be generally subdivided into those from (a) the 
Regular Army; (b) the National Guard; (c) R. O. T. C. 
Units. Upon receipt in the Corps Area or Department 
Ordnance Office, it becomes determine 
the cost of transportation, and in addition thereto, in the 


necessary (1) to 
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CORPS AREA AND 


} 
se of the the cost ol pack 


whether 


en National Guard organizations, 
ino, handling and loading this material; and (2) 


funds are available to cover the estimated cost of ship- 
This estimated cost is determined from data avail- 
able in the Corps Area or Department Ordnance Office 
or is ascertained from the establishment from which issue 
is to be made. If the par 
ticular shipment, requisition is forwarded to the issuing 
depot specifically within the 
limit of the funds available to that particular purpose. 
Obligations ineurred in the supply of the various classes 


ment. 


funds are available to cover 


authorizing such shipment 


of organizations are handled as follows: 


(a) Regular Army—Costs for packing and handling are 
paid from Ordnance funds allotted by the Chief of Ordnance 
direct to the Commanding Officer of the particular issuing es- 
tablishment, and transportation costs are obligated from 
‘‘Army Transportation’’ funds allotted to the Corps Area or 
Department Commander by the Chief of Ordnance and con- 
trolled by the Corps Area or Department Officer. 

(b) National Guard Organizations—Costs of handling, 
packing and loading, and all transportation costs are payable 
entirely from National Guard funds sub-allotted by the Chief 
of Ordnance to the Corps Area or Department Commander, 
and controlled by the Corps Area or Department Officer. All 
requisitions must bear the approval of the Chief of the Militia 
Bureau. 

(ec) R. O. T. C. Units—Costs of preparation for shipment 
are paid from Ordnance funds allotted by the Chief of Ord- 
nance direct to the Commanding Officer of the particular is- 
suing establishment. Transportation charges are paid from 
funds allotted to the Corps Area or Department Commander 
and controlled by the R. O. T. C. officer on his staff. Issues 
are made by direction of the R. O. T. C. officer, who certi 
fies funds available for payment of transportation charges, 
the Ordnance Officer performing no function other than to 
designate the Ordnance establishment from which supplies 
are to be issued. 


In shipmenis made by mail, the cost of stamps is noted 
on shipping tickets or summary report forms, and reim- 
bursement is made to the issuing establishment by the 
Corps Area or Department Ordnance Officer <A supply 
of stamps should always be kept on hand for making such 
reimbursements. Such stamps are purchased from pro- 
eurement authorities referred to above, and are paid for by 
the nearest Finance Officer. 


Procedure. 


The preparation and routing of requisitions are covered 
in detail by Ordnance Field Service Bulletins, and the 
Ordnance Provision System gives nomenclature by groups. 
These publieations, with changes as issued, are distrib- 
uted to all representatives of Ordnance Field Service. It 
devolves upon the Corps Area or Department Ordnance 
Office to correct and check the nomenclature of the items 
on the requisition to meet the evident wish of the requisi- 
tioner, and to forward the requisition to the proper arsenal 
for issue, making such abstracts as may be necessary, In 
some eases, when a requisition is not sufficiently clear and 
advantage has not been taken of the published instructions 
on nomenclature, ete., it is necessary to return the requisi- 
tion for additional information or correction. Quantities 
on requisitions are checked by reference to appropriate 
basie allowance tables or Special Regulations but, unless 
evidently in exeess of prescribed allowances, the good faith 
of the requisitionor is assumed, and when it is necessary 
to reduce a requisition, suitable notation is made thereon 
and it is initialed by the Ordnance Officer. It is usually 
preferable to return such requisitions for correction when 
the supplies are not urgently required, in order that the 
office submitting the requisition be advised of its status. 
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two copies being 


Three copies ol requisitions are received, 


forwarded to the Issuing establishment. and the third with 
notation showing the action taken is usually retained and 
filed in the *‘orps Area or Department Ordnance Office. 


should be held in the office longer than 24 


No requisition 


hours, unless it is of exceptional length or for initial 
issue. For ready reference it is convenient to maintain a 
daily record of all requisifions received, which shows the 


office file number, the requisitionor’s file number, destina- 
tion of the requisitionor, a brief of the articles ealled for, 
the date forwarded and the symbol of supply points desig- 
trom time to time 


nated. Under “Remarks” be entered 


proper notation indicating the progress in filling the requi- 


may 


sition as indicated by shipping tickets received, should it be 
deemed advisable to maintain a follow-up. 


Cancelled Items. 


Under the j-resent system of supply, if the issuing depot 
ean not furnish an article, an extract requisition is for- 
warded direct to the Offieve of the Chief of Ordnance which, 
in turn, informs the Corps Area or Department Ordnance 
Officer as to the status of the particular item, a quantity of 
which may be available in some other Corps Area. If 
the items are not available and cannot be procured and 
furnished within a reasonable period of time, or are to be 
cancelled entirely, the requisitioner is informed accordingly. 
In view of the necessary delay imposed by the urgent short- 
age of transportation funds, local Ordnance officers should 
be advised to submit their requisitions, particularly those 
for target practice allowances of ammunition, well in ad- 
vance of the anticipated date supplies are actually re- 
quired, in order to insure adequate time for submitting 
estimates for and obtaining transportation 
funds. 


necessary 


Reserve Supplies. 


There have ordinarily been maintained at all 
posts and stations local reserves of equipment and replace- 
ment parts sufficient to meet the expected requirements of 
the loeal troops for a period of from one to three months. 
The Corps Area or Department Ordnance Officer, by exam- 
ination of periodic reports of Principal Ordnance stores, 
by inspections, ete., should acquaint himself with condi- 
tions of station storage of Ordnance material, and by 
authority of the Commanding General take such steps as 
may be necessary to replenish shortages and dispose of 
surplus. War Department Cireular No. 46, series 1922, 
provides that 5 per cent of the equipment required for the 
total authorized peace strength may be kept on hand in 
the organization storeroom, when to prevent 
undue frequeney of transactions with the Property Officer, 
and directs that all supplies and equipment now held by 
organizations in exeess of this quantity be turned in to 
the nearest supply officer of the branch concerned. In 
compliance with these instructions, all exeess Ordnance 
supplies will be disposed of as directed by the Chief of 
Ordnance, but shipment to permanent Ordnance storage 
establishments will necessarily be limited by availability 
of transportation funds. Ordnance supplies and equip- 
ment for inactive units, and for the difference between 
peace and war strength of active units, will be provided 
by the Chief of Ordnance insofar as practicable within the 
limits of available stocks and funds, and will be maintained 
in strategically situated Ordnance storage establishments in 
accordance with the approved policy of the Ordnance De- 


camps, 


necessary 


partment. 
Reports of Principal Ordnance Stores. 


The Corps Area or Department Ordnance Officer should 
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maintain in his office a record of the principal items of 
Ordnance material in the hands of troops, and in more 
general terms, the approximate quantities of major items 
of Ordnance material on hand at Ordnance establishments 
within his Area, which would be available for prompt 
issue in ease of emergency. This information is obtained 
and kept up-to-date as may be most expedient, but the 
method adopted should entail the minimum of detailed cleri- 
cal work on the part of all concerned. It is very essential 
that periodic reports of Prineipal Ordnance stores be 
furnished to the Chief of Ordnance by Corps Area or 
Department Ordnance Officers. The matter of consoli- 
dating the several reports now rendered, particularly by 
line troops, is receiving careful attention in the office of 
Chief of Ordnance, and it is expected that as a result, the 
rendition of such periodie reports will become less burden- 
some in the near future. 


Summary 
It must be remembered that the responsibility for the 


supply, alteration and maintenance of material within his 
command rests with the Commanding General who, except 


where specifically restricted by regulation, utilizes the 
services of his Corps Area or Department Ordnance Officer 
as he may desire. The Ordnance Officer, as repres: titative 
ot Ordnance Field Service, maintains the elosest relation 
with that office, but it must be understood that his reeom. 
mendations to the Chief of Field Service are assumed to 
express at all times the desires of his Commanding Gep. 
eral. He must constantly use his best judgment in deciding 
when independent action may be taken and when the matter 
should be referred to the Chief of Staff or his appropriate 
assistant for determination of policy or decision. It is 
incumbent upon him to carry out promptly and loyally 
every desire of his Commanding General, either expressed 
or inferred; and the character of service rendered by the 
Ordnanee Department depends in a great measure upon the 
energy, initiative and good judgment of the Corps Area 
or Department Ordnance Officer, and the spirit of eo. 
operation and service he inspires throughout the Field 
Service organization under his supervision. From the 
very nature cf its funetions, it is obvious that Ordnance 
Field Service was created to serve the Line of the Army, 
and its spirit is, as its name implies, one ot SERVICE 


Preparations for 1922 Target Matches 


The War Department Board, appointed by Special Or- 
ders No. 14-9, dated January 18, 1922, consisting of Colo- 
nel T. L. Ames, Ordnance Department; Colonel C. E. 
Stodter, Cavalry; Commander C. T. Osburn, United States 
Navy; Major Herbert O’Leary, Ordnance Department: 
Major L. W. T. Waller, Jr., U. S. Marine Corps; Captain 
Grosvenor L. Watkyns, Infantry, and Mr. Kk. K. V. Casey, 
Wilmington, Delaware, met in the Munitions Building, 
Washington, D. C., on February 17 and 18, 1922, for the 
purpose of considering questions relative to the test and 
supply of rifles, pistols and ammunition for the 1922 Tar- 
get Matches. At these meetings the Board considered gen- 
eral specifications and methods of testing rifles, pistols 
and ealiber .30 ball ammunition to be supplied by the 
Army Ordnance Department for use at the National 
Matches, which will be held at Camp Perry, Ohio, prob- 
ably during the month of September. The Board also con- 
sidered general specifications for special ammunition, which 
must be developed for use by the International Rifle Team 
in the International Target Matches, which will be held in 
Rome, Italy, some time during the month of June, and 
the manner of conducting competitive tests in order that 
the most suitable ammunition might be selected for manu- 
facture for this purpose. The special ammunition to be 
supplied to the International Rifle Team, of which thirty 
thousand rounds will be proeured, must be available for 
the use of the team on or before May 1, 1922. 

The Major General Commandant of the Marine Corps 
has offered the facilities of the Marine Corps Rifle Range, 
Marine Barracks, Quantico, Va., to the Board for its use 
in connection with any tests to be held, and the Board has 
accepted this generous offer. Inasmuch as approximately 
one month must be allowed to permit of the manufacture 
of the thirty thousand rounds of the special match ammu- 
nition for the International Rifle Team, it was decided 
that such tests should be completed on or before the first 
of April, and Mareh 27 was accordingly set as the date 
upon which the tests will be started. Each small arms 
ammunition manufacturer, ineluding Frankford Arsenal, 
has been invited to submit not to exceed two distinet types 
of small arms ammunition to be subjected to competitive 
tests by the Board for the purpose of enabling the Board 
to select that type which is considered best for use in the 
special matches. 


The Board has also requested the Ordnance Department 
to have Frankford Arsenal submit certain types of ammu- 
nition for test for the purpose of selecting the particular 
type which should be manufactured for the 1922 National 
Matches, of which type two million two hundred thousand 
rounds will be provided by manufacture at Frankford 
Arsenal. 

The principal points relative to specifications and to the 
program of tests determined upon by the Board follow: 


Rifle Ss. 


It was decided that inasmuch as the rifles furnished 
for the matches last year gave universal satisfaction, no 
radical changes were desirable. All barrels for the Na- 
tional Mateh rifles will be star-gauged. The maximum bore 
diameter will be .3005 inch, the maximum groove diam- 
eter .3085 inch, and the variation in the diameter of the 
hore or groove in each individual barrel must not exceed 
0001 inch. The trigger pull will be adjusted to from 
3% to 4% pounds. The bolt will be left bright (not blued 
or parkerized), and all cam surfaces will be burnished 
before hardening, and buffed by hand after hardening. 
The bolt lift on each rifle must not exceed fifteen pounds. 
The runways and cams of the receivers will be polished. 
The sights will be adjusted by targeting each rifle on the 
range. To be acceptable, each rifle must group five con- 
secutive shots in a rectangle measuring four inehes verti- 
eally and six inches horizontally. Shooting will be done 
at 200 yards from muzzle and elbow rest. The star-gauge 
record and target pertaining to each rifle will accompany 
the rifle. ‘Two thousand rifles will be manufactured by 
the Ordnance Department for the National Matches. 


Pistols. 


The Ordnance Department has been directed to furnish 
450 caliber .45, model of 1911, automatic pistols for the 
National Matches. Three hundred of the 450 will be 
equipped with broad front sights; that is, front sights 
which are as broad at the top as at the bottom, and the 
notch in the rear sight will be made larger so as to aeccom- 
modate the broad front sight. The Board has reeom- 
mended that barrels having minimum bore dimensions 
should, if practicable, be selected for these pistols. 
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Christie: Motor Carriages 


nm. & 


\f 


Motor 


was 


HE “Christie” Carriage, invented by 
Walter Christie, and 
meet the need for Mobile Artillery that 


eapable of the high speed on good roads of present Arm) 


coneeived 
would be 


Transport, and at the same time be capable of negotiating 
the most diffieult 
terrain encoun- 
tered in field man- 
euvers. His meth- 
od of meetin 
these  require- 
ments was to de- 
sign a vehicle 
which eould 
operated at truck 
speeds on rubber- 
tired wheels when 
the roads permit- 
ted, and be read- 
ily converted into 
a track-laying ve- 
hicle by attaching 


be 


an endless track 
about the drive 
wheels so as to 
use the drive 
wheel for the 
drive _ sprocket 


and the steering 
wheel as an idler. 

Figure 1 shows 
the “Christie” Mo- 


tor Carriage for 
mounting the 
155-mm. Gun, 
Model of 1918 
Filloux. Mr. 
Christie has also 
designed and 
built Motor Car- 
riages to mount 
the 75-mm. Gun, 
Model of 1920; 
the 105-mm. 
Howitzer, Model 
of 1920, the 3- 


inch Anti-aireraft Fig 


Gun, Model of 1920, and the 4.7-inech Anti-aireraft Gun, 


Model of 1920. These carriages are all similar in their 
design, construction, and operation. The Ordnanee De- 
partment has designed the 75-mm. Gun and 105-mm. 


Howitzer to use the same recuperator and top earria,ze 
so that one motor earriage will mount both interehange- 
ably. The Anti-Aireraft motor earriages are de- 
signed to give 360-degree the gun mourt. 
All of carriages successfully eom- 
pleted acceptance and the 


Gun 
traverse ol 
have 


motor 
Department 


these 


the War 


tests, 


By 


PENGILLY 


Mr. 
developed to 





Christie Self-Propelled Mount for 155-mm. Gun Going up 35-degree slope in reverse 


as easily 
elevation and traverse as the field carriage. 
weight of 


,OC 
S5 


l mim. G¢arriuicges are at present une reoing an extensive 
test by the Coast Artillery Corps.to determine their suit- 
earriages field 


this article, how- 


re } 
as artiiery unaer 
the 


ever, to consider these motor carriages from the standpoint 


ability and reliability 


service eonditis ls. It iS purpose ol 
of design and con- 

rather 
per- 


struction 
than from 
formance in test 
and service. 

The 
ot a 
riage for mount- 
ing artillery as a 


acceptance 


motor cCar- 


piece of ordnance 


suitable for the 
service depends 
primarily upon 


its funetioning as 


an artillery ear- 
riage. <Any ad- 
vantages aeceru- 
ing to self-pro- 
pelled artillery 
mounts can only 
be allowed them 
when in all other 
respects they 
function as satis- 
factorily as the 
present horse 
and tractor 
drawn field artil- 
lery carriages: 


Therefore, the de- 
sign of a motor 
earriage for 


mounting a piece 


of artillery is 
controlled by the 
requirements of 


the field service 
for that particu- 
lar piece. Pri- 
mary considera- 


tion must be giv- 
en to weight and 
mounted as to be 
the same limits of 


The combined 


be 
within 


sO 


stability, and the gun must 
loaded and _ fired 
the gun and its motor carriage completely 
equipped must not exceed the maximum set as that under 
which it is practicable to operate the carriage under the 


same service conditions as the tractor-drawn field carriage. 


It is desirable to get as light a motor carriage as possible 
for mounting a given gun, and in case it is impossible to 


mount the gun so as to be stable within the limits of tra- 
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verse and elevation set, without the use of outriggers, it 1s 
preferable to use outriggers rather than te inerease the 
weight to obtain stability. Experience has shown flat a 
self-propelled gun mount can overcome the obstacles met 
wiih in field service if it is capable of negotiating a 45- 
degree slope in all directions under its own power. A 
minimum road clearance of 12 inches is required. The 
overall dimensions of the completed vehicle must fall 
within the limits set, which are determined by suitability 
for service :equired, and limited by the maximum which 


3 “ 2 











———inie, 


one intake, and two exhaust openings per eylinder. Fo, 
this mount, evlinders were cast approximately 3 inches 
shorter than the previous standard construction, and this 
amount was taken out of the valve stems, tappets and 
guides. The piston was shortened to 4% inches and the 
connecting rods to 12% inches between centers. Although 
these dimensions are considerable less than standard prag. 
tice for cylinders of this size, the motor has functioned 
satisfactorily to date. Naturally these short pistons in a 
51-inch bore cylinder cause a tendency to oil up, but this 
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( Fig. 2. Above: Longitudinal Section of Christie Motor Carriage for 155-mm. Gun, Model 1918 Filloux 
Below: Sectional Plan of Christie Motor Carriage for 155-mm. Gun, Model 1918 Filloux 


will permit the carriage when mounted on a standard flat 
car to come within the composite railway clearance dia- 
gram. In the design of all “Christie’ Motor Gun Car- 
riages, these essentials were controlled by the specifica- 
tions, but the means by which they were to be accomplished 
were left to Mr. Christie. 

The first “Christie”? Motor Carriage was built to mount 
the 155-mm. Gun, Model of 1918 Filloux, and, as at that 
time Mr. Christie had a 5%-inch by 7-inch motor in pro- 
duction, it was decided that a 6-eylinder 51-inch by 7-inch 
motor would be used for the power plant. The cylinders are 
east iron, cast two in block, and are T-head construction with 


is reduced to a minimum by the use of two MacQuay- 
Norris Superoyl rings, one at the skirt of the piston and 
the other just above the wrist-pin. The connecting-rod 
wrist-pin bearing is lubricated by oil seraped off the 
upper oil ring by holes drilled in the hollow wrist-pin. 
The wrist-pin is fixed in the piston by a set screw. The 
pistons are east iron and besides the two oil rings have 
three plain compression rings. The connecting-rods are 
H section forged chrome-vanadium steel with bronze bushed 
wrist-pin bearings drilled to get additional lubrication 
from the crankshaft splash. The crank-pin bearings are 
bronze backed babhbitt, with the upper half pinned to the 
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hearing and a fifth 
extension bearing 01 
the timing gear side 
is a ball-bearing 
mounted in the side 
eover. The erank- 
shatt has an exten 
sion hevond th« 
erankease side coV- 
ers for mounting a 
eombined flywheel 
and elutch on each 
end. This construe- 
tion is shown clear 
ly in Fig. 2. 

The erankease is 
of bronze east in- 
tegral with the 
transmission case, 
forming a_self-con- 
tained-unit power 
plant, which, when 
mounted by an ap- 
proximated three- 
point-suspension, is 
not subject to. the 
chassis torsion 
strains. Although 
one casting, the 
crankease is sep- 
arated from the 
transmission case by 
a partition, and the 
transmission case is 
divided in half by 
another partition at 
night angles to this 
so as to provide for 
two complete inde- 
pendent identieal 
transmissions, one 
for each side of the 
vehicle. The erank- 
ease is east open at 
the bottom for the 
oil pan. The trans- 
mission ease is open 
at the top, and is 
sealed by two covers 
which contain the 
shifting bolts, shift- 


drive wheels. In this 





ing down the connecting-rod. 


two 11 16-ineh studs 
shaft is chrome-nickel 
inch long erank-pins. 


the 


eonnecting-rod and drilled to get lubrication from oil drain- 


pinned to the connecting-rod cap and lubricated by drilled 
eonnection to a dipper which splashes in an oil level. The 
eennecting-rod cap is fastened to the connecting rod by 
castellated nuts. The erank- 


24-inch diameter by 3- 


with 
four 


= 


Fig. 3. 


ing forks, and tie rods for connecting the two transmis- 
sion shifts so that one lever will shift both transmissions. 
These connections are also shown in Fig. 2. The brake 
bands are also suspended from the transmission covers. 
The motor torque is transmitted through the clutches at 
each end of the crankshaft to the two identical transmis- 
sions, and by selected reductions is delivered through the gear reverse idler which is in constant mesh with the same 
The reverse idler is mounted 
on roller bearings on a fixed shaft located above and be- 
tween the first driving shaft and the intermediate sliding 


final drive pinions to the internal gears mounted on the 
full 
ean be distributed to both wheels, or can be delivered at 


The lower half bearing is 





CHRISTIE MOTOR CARRIAGES 


will to either. 
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t 
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7 we 





Christie Mount at rest on steep slope, demonstrating brake efficiency 


») 


intermediate shaft drive gear. 
power of the motor 


he eluteh as shown in Fig. 4. 


shifting gear. For forward, 
with a gear keyed to the intermediate sliding gear shaft. 
‘or reverse, this gear is meshed with the compound spur 
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The clutehes are of the dry dise type, non- 
adjustable, with spring pressure, and are released by cam 
action against a thrust bearing supported by the pressure 
late attached to the motor side covers and bridged around 
The flywheels are keyed to 
the erankshaft and are driven on the tapered extension 
and held in place by nuts which also serve as starting dogs 


main bearings are ball for the hand starters mounted on each side of the chassis 


just ahead of the 
wheels as 

Fig. 2. 
The driving ele- 
ments of the elutch 
are the face of the 

wheel, and two 
rings, to the outside 


d ri ve 
shown in 


one of which are at- 
tached twelve studs 
which extend 
through the center 
ring and flywheel to 
the spring plate 
which is held against 
the springs, separat- 
ing it from the fly- 
wheel by castellated 
nuts which force it 
against shoulders on 
the studs. The driv- 
en elements of the 
clutch are hardened 
saw steel plates riv- 
eted to a cast steel 
hub which slides on 
splines on the driv- 
ing gear. The web 
of this hub is slight- 
ly thicker than the 
center driving plate 
of the clutch so that 
when the = spring 
pressure is relieved 
these driven 
tend to separate and 
release themselves. 
The driving gcars 
are bronze  bushed 
and idle on t! 
erankshaft and drive 
a similar spur gear 
keyed to the first 
driving shaft of the 
transmission. ‘l'hese 
vears, as well as the 


plates 


ie 


timing 
completely enclosed 


years, are 


by the transmission- 
case side-covers, and 


are lubricated 


through the end ball-bearings of the crankshaft by splash 
and seepage from the erankease. The first driving shaft of 
the transmission has splines eut for the forward and reverse 
gear is meshed direct 











gear shaft. ‘The intermediate sliding gear shaft is a spline 
shaft upon which are mounted the Ist, 2d, 3d and 4th speed 
sliding gears. The Ist and 2d speed shifting gears are 
riveted to one cast steel hub and are shifted by one shifting 
fork. Similarly the 3d and 4th speed shifting gears are 
mounted and shifted. By selection, any one of these gears 
can be meshed with its corresponding driven gear keyed to 
the adjacent final drive pinion. All of these shafts and 
gears are heat-treated chrome-vanadium steel and the shafts 
are all mounted in ball-bearings. This minimum of fric- 
tion combined with spur gear drive throughout make the 
transmission cfficieney very high. 

The brake drum of chrome-vanadium steel is riveted to a 
east steel hub keyed to the final drive pinion. The brake 
band of chrome-vanadium steel is open at the top and is 
suspended by lugs on a right and left thread brake serew 
mounted in the transmission ease rear cover. A lever is 
attached to the end of the brake serew extending out from 
the cover by means of a ratchet so as to provide for ad- 
justment. The brake drum and transmission gears run in 
a bath of oil, and the brake drum and bands have holes 
drilled in them to allow the oil to be squeezed out when 
the brake is set. The arrangement of the transmission 
and brakes is shown in Fig. 4. 

Suspended from the rear chassis top plate over the 
transmission case is the reserve oil tank whieh connects 
with the oil pan fastened by studs to the bottom of the 
crankease. Between the oil pan and the crankease, a sedi- 
ment plate is placed with three overflow pipes which main- 
tain the oil level in the erankease for the connecting-rod 
dippers. An oil gage is connected to the oil pan, and by 
means of an extension handle on the valve in the oil line 
from the tank to the oil pan, the operator is enabled to 
maintain the oil level in the oil pan. Two oil pumps are 
mounted in the boftom of the transmission ease, one on 
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Fig. 4. Plan of Transmission 

ach side, and are driven by the first driving shaft in the 
transmission. These pumps are gear pumps and take the 
oi! from the cil pan and force it through nozzles trained 
or the connecting rod dippers. A connection is made from 
this pressure line to a pet-cock under the driver’s seat so 
that he can see when his pumps are working. 

The water pump is a gear pump mounted on a shelf 
running the length of the crankease underneath the intake 
manifold. ‘This pump is connected to a shaft parallel to 
the crankshaft and driven by a gear meshing with the 
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intake camshaft gear. ‘This shaft extends through the 
pump to a bevel gear box for the fan drive. The two fans 
are belt driven, and are mounted on roller bearings on ap 
adjustable eecentric to allow for belt tightening. The ra. 


diator is a tubular type and mounted across the chagsjs 
just ahead of the motor. 

The carburetor is a Zenith 2-inch and is fed by vacuum 
system from the gas tank under the radiator. The ignj- 


tion is Bosch Dual Ignition, with the magneto mounted op 
a bracket on the transmission case side cover and driven 
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meen 


Fig. 5. 


Plan of Steering Mechanism 


by chain from the pump shaft. The coil is mounted under 
the driver’s seat. Two sparks per eylinder are obtained 
with a single spark magneto by the use of a series plug. 

The motor is rated at 120 H.P. at 1200 R.P.M. and as 
the mount completely equipped was estimated to weigh 
about 40,000 pounds, it was caleulated that with a 77 tooth 
3-4 pitch internal drive gear, a final reduction of 96.5 
to 1 would give sufficient traction to propel the mount up 
a 45 degree slope. This would give a first speed of 11/3 
miles per hour at a motor speed of 1200 revolutions per 
minute. A reduction of 116 to 1 is seeured in reverse. 
The fourth speed reduction is 13.9 to 1, giving a speed of 
914, miles per hour. Although the motor is rated at 1200 
revolutions per minute, it has operated for long periods at 
double that speed, and therefore under favorable condi- 
tions the mount can make a speed of 20 miles per hour on 
rubber tires. Third speed is approximately one-half of 
fourth speed, and second speed about one-half of third. 
As four speeds are also obtainable in reverse, the mount 
has eight speeds. 

The power plant is mounted transversely, and the final 
drive pinion extends through two ball bearings in the east 
steel drive wheel bracket mounted on the rear side chassis 
plate, and meshes with the drive wheel internal gear. The 
drive wheel is mounted on roller bearings on an axle riveted 
into the drive wheel bracket that forms a seal for the 
internal drive chamber which is filled with graphite grease. 
In order to keep the overall height of the vehicles as low 
as possible, the motor is mounted with the flywheels pro- 
jecting through the bottom plate, and protected with cast 
steel cover plates. This allows a 36-inch plate to be used 
for the side plates and still come above the top of the 
motor, so that with cover plates the motor is completely 
enclosed. ‘Tne bottom half of the rear end plate is curved 
for strength and the top half is made removable by 
mounting on studs. Both cover plates over the motor are 
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removable and the rear one is drilled for ventilation and is __ bolt, operating in the spring housing cover plate, can be 
protected from rain by a thin cover plate mounted on brought to bear on the spring guide bolt and release the 


studs. spring action when firing the gun. The steering wheels 

Considering the steering-wheel end as forward, the driv- rotate about a east steel center which pivots about a pin 
er’s seat is on the left, and the steering post is mounted in the end of the swivel arm. The steering knuckles are 
just ahead and against the side plate. The reverse shift connected to this center, and are connected to the steering 


lever is next to the steering post, and the gear shift bracket rack and pinion in the center of the tube extending the 


is mounted just to 
the right on the floor 
formed by the top of 
the gun base plate 
box girder. The gear 
shift is a quadrant 
shift, and on each 
side is a ratchet see- 
tor for the brake 
lever, which has a 
thumb-operated lock- 
ing pawl for lock- 
ing the brakes set. 
The right brake and 
right clutch are con- 
nected together and 
controlled by the 
lever on the right of 
the gear shift quad- 
rant, and are ad- 
justed so that the 
clutch is completely 
released before the 
brake starts to take 
hold. The left eluteh 
and brake are simi- 
larly eontrolled by 
the left lever. The 
spark and _throftle 
levers operate on 
quadrants attached 
to the side plate be- 
tween the driver’s 
seat and the steering 
post. As there is no 
differential, one 
clutch should be re- 
leased when turning 
the vehicle on wheels. 
Turning on the 
tracks is accom- 
plished in the usual 
way by unelutching 
and braking one side 
and driving on the 
other. 

The steering wheel 


arrangement is the et ~ me ™ — 
key for the conver- 3% Le pees 5 cet a Po 
: a”. ae es a 


sion from wheel to Fig. 6. Christie Medium Tank at Top of Test Mound 


track operat ob. The left hand slope is 35 degrees; the right hand 45 degrees. The tank ascends and 
This arrangement descends both slopes either forward or in reverse. 


is shown in 





full width of the ve- 
hicle. The steering 
nand wheel is con- 
nected by chain drive 
to the steering pin- 
ion, and with the 
swivel arm locked 
against the track ten- 
sion spring, the ve- 
hiele is steered the 
same as any automo- 
bile. When the track 
is placed about the 
wheels, the steering 
hand wheel is locked 
to the steering post 
to prevent lateral 
movement of the 
wheels. The track is 
placed under tension 
by releasing the lock- 
ing bolt in back of 
the swivel arm, and 
screwing up on the 
nut on the track ten- 
sion spring guide 
bolt. 

Two center wheels 
on each side of the 
vehicle have their 
main use when the 
track is on, as they 
can be lowered to 
the track by means 
of the hand-operated 
worm drive and thus 
raise the front and 
rear wheels clear of 
the ground so as to 
reduce the turning 
moment. These 
wheels are ball-bear- 
ing mounted’ on 
erankshaft axles 
which are connected 
together with an 
equalizing bar that 
takes the weight of 

‘the vehicle through 
spring connection to 
the upper worm op- 
erated crank. This 
spring guide bolt, 


Fig. 5. The weight of the front end of the ve- which is hinged to the equalizing bar, has a piston action 
hicle is transferred to the steering wheels by a spring in the upper spring bearing so that the center wheels can 
mounted between the east steel pivot bracket, pivoting be raised clear of the ground when operated as a wheeled 


about the steering tube, and a spring housing riveted to vehicle. 


the chassis side plate. There is a hole in the bottom of The track is made up of hinged links 2114 inches wide 
the spring housing to admit the spring guide bolt, which by 9°%4 inches between hinge centers, forged out of chrome- 
is hinged to the pivot bracket and prevents the steering nickel steel, with a grouser under each hinge the full width 
wheels from dropping by a nut on the upper end which of the link. Riveted to the back is a hollow forged driv- 





bears on a rubber washer in the spring housing. A lock ing tooth of chrome-nickel steel which meshes in pockets 
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in the driving wheel formed by the driving lugs. These 
pockets are open to permit clearing the track of dirt. 
Openings are provided in the side of the groove of the 
steering wheel for the same purpose. The links are fas- 
tened together with two hardened chrome-vanadium steel 
pins. The pitch of the driving lugs is slightly more than 
the pitch of the driving teeth, and the length of the pocket 
is greater than the lengti of the track tooth so that the 
entering tooth enters in the clear, and comes in contact 
with the driving lug only at the top before it leaves the 
wheel, and the wheel slips a slight amount to engage the 
next tooth. This difference in pitch and clearance is to 
allow for wear of the tire. All the 
steel and have double 36-inch solid rubber tires, elam- 
ped one on each side of the groove which guides the 
track teeth. The inside driving wheel tire is wider to 
provide for increased pressure and wear due to erown- 
ed roads. 

The gun is mounted with the muzzle extending out over 
the motor and rear of the carriage, so that the breech will 
clear the steering tube and pivot bracket at elevatign of 35 
degrees and approximate traverse of 10 degrees. The gun 
is mounted with the trunnion 67 inches from the ground 
with the track on, and the mount is stable without the use 


wheels are east 


Storage of Field 


of outriggers. The total weight of carriage and gun mount 
completely equipped is slightly less than 40,000 pounds. 
The earriage should normally travel breech forward, but 
with the track on and moving into position muzzle for- 
ward, the carriage has the advantage of the increased re- 
duction in reverse, and the strength and shape of the rear 
plates for overcoming obstacles. 

The construction of the 75-mm. Gun and 105-mm. How- 
itzer motor carriages is similar to the 155-mm. carriage, 
but is geared to give higher speed and has 4%%-ineh bore 
cylinders instead of 5%-ineh. The tires are Overman 
Cushion tires which are more resilient than the standard 
solid tires. Exeept for the different transmission 
and eylinder blocks, all parts of the power plant are in- 
terechangeable with the 155-mm. earriage 

The construction of the Anti-aireraft mounts is similar 
to the 155-mm. mounts except that the motor is turned 
around so that the evlinders and radiator are at the rear, 
and the drive to the final drive pinion is by chain from 
the final drive shaft of the transmission. This is neces- 
sary to give 360 degrees traverse of the gun mount. All 
“Christie” Motor Carriages have track platforms on each 
side of the ehassis extending out over the wheels to earry 
the track when not in use. 


gears 


Artillery Materiel 


By 


N. H. STRICKLAND 


Member 


TORAGE is a problem which at various times has un- 

doubtedly presented difficult problems to the several 

government arsenals and depots. Thesee problems, 
however, did not assume a serious form until the summer of 
1917, as prior to that date, ample storage space was avail- 
able for the small quantities of artillery matériel which 
were on hand. After the signing of the Armistice, and the 
eencellation of contracts, all commercial plants were anxious 
to get rid of their government matériel, in order to revert to 
their pre-war manufacturing basis, and consequently a 
vast amount of material in all degrees of completion was 
shipped to Rock Island Arsenal. Very shortly after this 
matériel began to arrive, it was evident that a strenuous 
effort must immediately be put forth to provide proper 
means of preservation and storage, as the greater portion 
of it was of such nature that exposure to the elements for 
any period of time would cause rapid deterioration. This 
became more serious as the number of ears in- 
creased daily, and every possible scheme was tried with a 
view to storing to the best advantage, especially in the 
case of guns, carriages, and vehicles, as they presented 
the largest problem. Owing to certain conditions relating 
to their issue these guns and carriages are stored both 
assembled and disassembled. The accompanying illustra- 
tions will show how this has been accomplished. 

In order to utilize all available space, it was found neces- 
sary to double-deck several buildings. Figure 1 shows one 
of these buildings used for the storage of the 75 mm. 
guns and carriages, Model 1897, and carriage limbers, 
Model 1918, which are used with these guns. The guns 
and carriages are so stored that they are accessible for in- 
spection and for tests on the recuperators such as mano- 


condition 
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meter test for pressure; and the replenishing of the re- 
serve oil. As will be noted by this illustration, the storage 
capacity of the building is increased about eighty per cent. 
A ramp has heen built in the center of each room 
extreme right of illustration) which affords move- 
ment of guns and carriages to and from the upper story. 
This matériel is assembled and ready for issue. 

In order to conserve storage space, however, the larger 
part of the 75 mm. artillery matériel is stored in a disas- 
sembled condition. Fig. 2 shows the method of storing the 
disassembled 75 mm. guns, Model 1897. These guns are 
so arranged in tiers that the breech block of each may be 
opened for the purpose of inspection, cleaning, and greas- 
ing without the movement of any other gun. 
blocks used in stacking these guns are placed in such a 
manner that all undue stress is eliminated. Fig. 3 shows the 
method of storing 75 mm. reeuperators. They are stacked 
six high in racks which are so constructed that the weight 
of the eradle is evenly distributed across the entire width 
of the rack, the supports being beveled to fit snugly to the 
cradle. They ure so placed that all necessary tests re- 
quired during storage can be made without their removal. 
In ease it beeomes necessary to remove one, this may be 
done without interference with any of the others. 

Fig. 4 shows the method of storing the 75 mm. gun ear- 
riages. As will be noted, the entire weight of each carriage 
is placed on the inner part of the spindle of the axle. 
These carriages are so arranged that every available foot 
of storage space is utilized. Each earriage is placed against 
the trial of the next one and all strain has been removed 
from the mechanical parts. Cleats are nailed to the blocks, 
between the spindles, holding the carriages in position and 


( see 
easy 


The spacing 
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Fig. 1. “‘Seventy-fives”’ in storage, 


keeping them from moving. The blocking underneath is 
of sufficient height from the floor to permit free movement 
of the earriage for 90 

Fig. 5 shows the storage of wheels for the 75 mm. car- 
riage, Model 1897. This scheme is very inexpensive and 
permits of almost solid storage. Fig. 6 shows the storage 
of shields for the 75 mm. gun earriage. They are so ar- 
ranged that each set is placed together. As will be noted by 
the five preceding illustrations, all this matériel is stored in 
one building and placed in such a way as to permit as- 
sembly at a minimum cost. It is estimated that the storage 
saving is approximately one hundred per cent over guns 
and earriages stored assembled in a double-decked building. 

Another problem was the storage of the 155 mm. how- 
itzers and carriages, Model 1917 and 1918. Fig. 7 shows 
the method of storing this material assembled. The rub- 
her-tired howitzer carriages are segregated in one building 
and the weight removed by placing grooved supports under- 
neath the axles. This building is kept dark because of the 
fact that light has a deteriorating effect on rubber. All 
155 mm. howitzers stored assembled are in firing posi 
tion. The recuperators have been prepared tor stor 
age by the removing of the service solution and re- 
filling with buffer oil. All the howitzers are so placed 
that they are readily accessible for all necessary storage 
tests. Figure 8 shows the storage of the 155 mm. howit 
zers. These guns are staggered in such a way that aceess 
ean readily be had to the bore for cleaning and slushing. 
After cleaning and slushing, tompions are placed in the 
muzzle, breech blocks closed, and all exterior bright sur- 
faces which are not greased are painted with red lead. 

The two ealibers discussed above, furnished the principal 
artillery storage difficulties. Other calibers received for 
storage are the 3-inch guns and earriages, 4.7-inch guns 
and earriages, and 5-inch 60-pdr. guns and earriages. The 
3-ineh and 4.7-ineh matériel is stored under conditions sim- 








complete, ready for immediate issue 


ilar to the 155 mm. howitzers and carriages, with the 
exception that one complete set of springs has been re- 
moved from each recoil mechanism, wrapped in oil paper 
and tied to the trail. The eylinders were then filled with 
oil. The 5-inch 60-pdr. matériel is stored disassembled— 
the guns in tiers four high; the vehicles in a double-deck 

















Fig. 4. Carriages for ‘*75's’’ in permanent storage ! 


building; carriages on the upper section; limbers and am- 
munition wagons on the lower section. Both guns and 
carriages are accessible for frequent inspection. The hy- 
drauliec buffer has been drained of the service solution and 
refilled with buffer oil. 

Fig. 9 shows a very simple yet efficient method of storing 
light artillery vehicles. These gun eaisson limbers are 
stored in such a way that the weight of the upper row 
is carried on the wheels of the lower. This arrangement 
is brought about by the placing of 2-inch by 6-inch planks 
on the top of the wheels of each vehicle, secured by eross 


pieces placed every six feet and with blocks nailed to the 


























Fig. 2. Guns disassembled for permanent storage 








Fig. 3. Recuperators for ‘75's’’ disassembled for inspection and storage 











992 ARMY ORDNANCE 





under side to prevent movement of this skeleton plat- determined drive was made to get this matériel into proper 
form. storage, and this was in the main a¢eomplished by May, 
The proper storage of rubber-tired wheels is always a 1920. At that time practically all of this matériel 


debatable question and considerable experimenting was was securely stored after it had been red-leaded, greased, 





























Fig. 5. Wheels for **75’s’’ in permanent storage Fig. 7. 155-mm. Howitzers in storage, complete ready for immediate issue 


done to determine proper buildings and the proper method or other necessary steps taken to prevent deterioration. 
of storage. Buildings as finally selected have concrete Proper storage at Rock Island Arsenal has been handi- 
walls and floors with all windows darkened. Wheels are -apped to a evrtain extent by lack of suitable storage space, 
stacked in piles, rims resting upon one another. Air 
spaces are left between the piles. The storage of vehicles 
equipped with rubber-tired wheels is explained in para- 
graph diseussing storage of 155 mm. matériel. 

All previous discussion’ and illustrations have had refer- 
erce to the storage of major items of field artillery matériel. 
In addition to guns and vehicles, large quantities of com- 
ponent parts have been received in a finished and unfinished 
condition. These components were sorted and the finished 
items stored ir the issue storehouse, the current issue stock 
in steel bins and the reserve in the boxes in which re- 




















ceived. Components for a certain caliber are stored in one Fig. 8. 155-mm. Howitzers, disassembled for rermanent storage 

or more rows of bins the end of the row being marked to 

show caliber, and each separate bin to show name of com- however, the principal handicap was oceasioned by the 
ponent. Components which are common to several eali- enormous volume of matériel which arrived from day to 
bers are stored together. day. During the peak period, the switch engine kicked 




















Fig. 6. Armor-plate Shields for **75's’’ in permanent storage Fig. 9. Artillery caissons, limbers, etc., in permanent storage 


The volume and condition of the miscellaneous matérie! ir an average of sixty carloads of various kinds of matériei 
received was such and it arrived so rapidly that it was per day, and it kept every one on their toes to prevent ex- 
impossible to move it direct from cars into permanent cessive demurrage. It was a nightmare for a while, but 
storage. At one time, approximately one hundred-sixty even nightmares must end and in time become pleasant 
cars were dumped along tracks to prevent demurrage. A memories of things accomplished. 

At the small arms ballistic testing range, Aberdeen Proving car is provided with a firing mount adjustable in both azimuth 
Ground, some exceedingly interesting work has been done in _ and altitude and capable of receiving various types of machine 
connection with the investigation of the new caliber .50 machine mounts for accurate laying of small arms and machine guns. 


gun ammunition, and rangés have been obtained up to 5500 Provision has been made for investigating the time of 
yards with the expectation that the ultimate range will prob flight of projectiles by means of a chronograph, which is de- 
ably be in the neighborhood of 8500 to 9000 yards. pendent, not as is usual, on screens for its means of detecting 

This range is fully equipped for all work up to 7000 yards, the passage of a bullet, but on microphones. A number of 
and is also provided with a series of vertical targets for microphones are located in what is known as the water impact 
accuracy firing up to 1200 yards. Range firing is done from area of the range and the fall of the bullet in this area ean 
a modified 60 em. flat ear which may be operated on the nar be accurately detected by means of these microphones and re- 


row gauge track extending the full length of the range. This corded on the chronograph. 
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Evolution of Anti-Aircraft Artillery 


By 


THOS. A. CONLON 


Member A. O. A 


HE genesis of anti-aircraft artillery may be said to 

have begun with the development of balloon guns 

whose origin dates to some few years previous to the 
recent war. The development of these guns with their fire 
control apparatus up to the opening of the war was of 
very little practical value in resisting the attack of air- 
cratt. 

The advent of the airplane and airship in the war with 
their wide range of travel and their capacity for carrying 
destruction into the enemy’s territory stimulated a very 
lively interest in the development of artillery that would 
resist or limit the activities of those machines. 

The problems involved in the solution of the aerial at- 
tack consisted in the designing of a mount that would per- 
mit of all-around fire, wide range of elevation, rapidity 
of fire and a much higher muzzle velocity for the projectile 
than was usually attained in field artillery, the develop- 
ment of ammunition and perfection of a fuze that would 
function in the more rarified atmosphere; also the develop- 
ment of fire control instruments and the training of the 
organization that would be required to handle them. 

The high angle of fire of the anti-aircraft matériel re- 
quired the development of a mechanism that would shorten 
the length of reeoil as the piece is elevated, and the ap- 
plication of an equilibrator, a mechanism that permits 
the center of gravity of the tipping parts to be overhung 
in front of the trunnions. The traversing mechanism 
should permit 360° traverse of the piece, and for direct 
firing, provision should be made whereby the piece may 
be given a deflection in azimuth without disturbing the 
sighting. 

The continuously changing position of the target at a 
high rate of speed demanded that the time elapsing be- 
tween the setting of the fuze and the starting of the pro- 
jectile on its flight must be reduced to a minimum. The 
ideal fuze-setter would be such as would set the fuze with 
the shell in the firing position. 

The center line of the trunnions must remain in the 
horizontal plane in all positions of traverse and it is un- 
likely that this condition will obtain under normal condi- 
tions with mobile mounts. When going into action, there- 
fore, a leveling mechanism should be provided for leveling 


at least 5° in any direction. 


3-Inch «anti-Aireraft Gun Trailer Mount, Model 1917 


It was with the above requirements in view that this 
mount was designed. The mount when completed, how- 
ever, did not meet all the above specifications. The muzzle 
velocity of the projectile was less than desired, and the 
accuracy of laying was affected adversely by insufficient 
stability and the vibration of the carriage in firing. 

The breech opening and closing was not automatic in 
action and this, with the absence of a loading mechanism 
and a satisfactory fuze setter, caused a considerable loss 
of time in firing. The leveling mechanism also proved 
poor. Leveling was accomplished by four jacks on the 
trailer chassis. This arrangement required leveling of the 


entire unit. The mount remained level only for firing a 
few rounds, necessitating a duplication of this operation 
before firing could be continued. 

The direct fire control system is used. The data neces- 
sary to properly lay the gun consists of fuze-setter range, 
travel in elevation and deflection and any arbitrary cor- 
rections that are desired. Four operators are required, 
all of whom are in touch with the plotting station by head 
phones. 

Operator 1 controls the sight and keeps it continuously 
on the target irrespective of the action of any other 
operator. 

Operator 2 sets off deflection and turns the traversing 
handwheel of the mount. 

Operator 3 sets off proper correction for elevation, then 
makes adjustments for fuze setter data. 

Operator 4 elevates or depresses the gun until the index 
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Anti-Aircraft Gun Mount, Model 1920E, Shown on Temporary 


Firing Platform 


3-Inch 


of the elevation pointer and elevation correction pointer 
coincide. 

The inherent defect in the sighting on ,this mount is 
the loss of the target by the sight operator when deflections 
are being set off, as it is the sight rather than the gun that 
is moved off the target. 

In view of the unsatisfactory leveling and sighting sys- 
tem, and the absence of a convenient loading and fuze- 
setting mechanism which would have obviated excessive 
dead time between the setting of the fuze and the instant 
of firing this mount proved to be unsatisfactory as an 
anti-aireraft weapon. 


3-Inch Anti-Aircraft Gun Pedestal Mount, Model 1917 


This mount was designed to be mounted on a solid con- 
crete base about 30 inches thick and 18 feet in diameter. 
Therefore, no leveling mechanism was required. The 
breech mechanism was semi-automatic, but the loading and 
fuze setting operation was accomplished with the same 
delay as with the trailer mount. The sighting mechanism 
was the same as that on the trailer mount. 

This mount was an improvement over the trailer mount 
muzzle velocity of the projectile, the 


in the inereased 

















= sei einen 


semi-automatic breech-operating mechanism, and in stabil- 
ity and ruggedness, but is not suitable for field use. 


3-Inch Anti-Aireraft Gun Motor Carriage Mount, Model 
1920-E 


This mount was designed to incorporate all the essential 
features of the modern Anti-Aireraft matériel. It pos- 
sesses all-around angle of fire —5 to +80 degrees elevation, 
5 degrees leveling movement in any direction, a semi- 
automatic breech-operating mechanism, a pneumatic load- 
ing mechanism and a special design of fuze-setter mounted 
conveniently to the loading tray reducing the time of load- 
ing to a minimum, also a hydro-pneumatie recoil mechan- 
ism of the variable-recoil type and two spring equilibra- 
tors. 

Provisions have been made to place this mount on a 
Christie self-propelled tractor and on a trailer equipped 
with outriggers to insure the desired stability when firing. 

The general design of this mount is radically different 
from that of any mount in the service. The distinct de- 
partures from the usual practice are the spherical seat on 
the pedestal whereby the leveling is accomplished, semi- 
automatic breech opening mechanism, the built-up cradle, 
the traversing and the elevating mechanism, the pneumatic 
loader and the fire control system. 

The leveling mechanism consists of a train of gears 
that actuate the traversing parts relative to the pedestal. 
The traversing parts are supported by a spherical casing. 
This casing rests in a spherical seat in the pedestal and by 
operating the two leveling handwheels the gears cause 
the leveling gear case to travel on slides on the base plate. 
This case engages the lower end of the spherical casing. 
The movement of the leveling gear case causes the spherical 
casing to move relative to the pedestal, thereby leveling 
the upper structure of the mount. 

The breech block is opened and extracts the empty 
cartridge case on recoil. This is accomplished by air pass- 
ing to the breech through a sliding pipe connection. One 
of the two pipes is fastened to the cradle and the other to 
the breech, and, as the gun recoils, the air enters a evlinder 
on the breech compressing the breech block return spring, 
at the same time opening the breech. When a new round 
enters the gun the extractor is tripped and the breech close:| 

The cradle is made up of two east steel side plates held 
together by a trough in the bottom and the reeuperator on 


the top. The gun slides are formed integral with the side 
plates. The cradle extends to the rear supporting the gun 


in recoil, the pneumatic loader, the fuze setter and the 
firing mechanism. 

The reeuperator is a hydro-pneumatic mechanism that 
regulates the length of recoil automatically as the gun 
elevates, and returns the gun to firing position after the 
energy of recoil has been spent. It is imperative that 
stability obtain when firing and that the action of the gun 
on recoil and counter-recoil be smooth and free from all 
sudden jarring, as any vibration set up in the mount 
causes a blur on the telescope and a whipping of the eye- 
piece that is not only dangerous to the telescope operator 
but is the cause of considerable delay in laying the gun. 

The elevating mechanism gives —5 degrees to +80 degrees 
of elevation to the gun. The mechanism consists of two 
ares attached to the cradle plates in mesh with two worms 
mounted in a rocking bracket. The mounting of this 
bracket is expected to insure an equal distribution of the 
The worms are connected with the elevating hand- 
The operator takes his ele- 


loads. 
wheel through bevel gears. 
vation from the range drum. 
The traversing mechanism is designed to give 360° 
traverse and to permit the deflection of the piece in azi- 
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muth relative to the sight. This is done to avoid inter- 
fering with the sight operator, and causing him to lose the 
The sight operator keeps the sight on the target 
and rotating the mount by the 


Deflection is given to the piece by 


target. 
by elevating the sight 
traversing handwheel. 
another operator working the traversing deflection hand- 
wheel. These handwheels rotation to the mount 
through wormwheels in train with a planetary gear sys- 
tem, through a spur pinion to a large spur gear on the 
pedestal. 

The planetary mechanism is used in the train to permit 
the traversing and deflection of the piece at the same time. 
For setting off deflection, the planetary pinion travels 
around the sun pinion and drives an annular gear connected 
to the traversing gear pinion. For traversing the piece, 
the sun pinion rotates driving the planetary pinion about 
its own axis but not about the axis of the sun pinion. 

A quick-release clutch and safety elutch is inserted in 
line with the traversing pinion—the release clutch to af- 


give 


ford a ready means for traversing the piece through a 
wide are and the safety clutch to prevent damage to the 


gearing when the release clutch is dropped suddenly into 
position with the mount rotating. 

The sight is so geared to the traversing mechanism that 
it is not affected when deflections are set off. 

The pneumatie loader is attached to the cradle and fune- 
tions at all angles of elevation. The limited space _ be- 
tween the platform and the breech necessitated a more 
complicated mechanism than would otherwise be neces- 
The round when placed on the tray is in line with 
the fuze-setter. After setting the fuze, the loader is swung 
over until it falls in line with the bore of the gun. The 
air is turned on and the shell rammed home. The breech- 
block closes automatically, returning the tray to the fuze- 
setting position and releasing the safety firing mechanisms. 
The air supply is stored in tanks under the platform. 
These tanks are charged by an air pump connected to the 


sary. 


engine. 

The mount is designed on the principle that it should be 
adapted to use either the direct or indirect fire control 
system. The direct fire system requires the following in- 
struments on the mount: a telescope, lateral deflection cor- 
rection seale, vertical ceflection correction seale, elevation 
drum, telemeter, and wind and parallax computer if par- 
allax corrections are computed at the Battery Commander 
station. 

When the indirect fire system is used, the following in- 
struments are employed on the mount: an azimuth indiea- 
tor, an elevation indicator and a fuze-setter to indicate the 
proper setting as determined in the central station. 

With the direct fire system, one operator keeps his eye on 
the target through the telescope by traversing the mount 
with one hand and elevating the telescope with the other. 
The movement of the telescope in elevation is recorded on 
the range drum. A second operator gives the range drum 
the vertical deflections, and records the fuze data, while a 
third operator reads the result on the drum and elevates 
the piece accordingly. A fourth operator sets - off the 
horizontal deflection. The operators are kept in touch 
with the battery commander by head phones. 

In view of the possibility of further improvement in this 
design and to meet simpler specifications, the ordnance 
office has undertaken the study of a new type of 3-inch 
Anti-Aireraft gun matériel to experiment with the in- 
fire control system versus the direct fire control 
system. This project includes the design of the mount 
and the necessary central station fire control instruments. 
The advantages claimed for this system are the elimi- 
nation of a number of costly instruments at the mount, 
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EVOLUTION OF ANTI-AIRCRAFT ARTILLERY 


and materially simplifying the mount, thus effeeting con- 
siderable saving in its cost. The number of men required 
for the service of the piece could be 
three. The data required for laying the piece would be 
determined at a central station under circumstances much 


reduced by two or 


more favorable to accuracy. 


Anti- 


£.7-Ineh Aircraft Matériel 


In addition to the 3-inch anti-aircraft matériel the Ord- 
nance Officer is experimenting with 4.7-inch anti-aircraft 
matériel. A 4.7-inch project was started by the ordnance 
office in 1917 upon request received from the A. E. F. for 
guns of this caliber. 

The result of this request was the design and manu- 
Anti-Aireraft Caterpillar Trailer 
Perhaps the greatest defects in 


feeture of the 4.7-inch 
Mount, Model 1918-F. 
this design were the absence of a quick loading and fuze 
setting mechanism and satisfactory fire control instruments. 
It was stable in firing, however, and was the first mount 
designed by the ordnance office to have an equilibrator. 
Rapidity of fire is as essential with the larger caliber 
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less time intervening the better, as the aviator observing 
the burst of the projectile will change his course and will 
be a considerable distance from the position predicted by 


the battery commander for the next round. 

lhe 4.7-inch Gun Motor Carriage Mount, Model 1920, 
has been designed and manufactured to meet demands 
for a high powered anti-aircraft gun mount. It is praec- 


tically the 3-inch Anti-Aireraft Gun Mount, Model 1920-E, 
built on a larger seale. 

The practical value of the anti-aireraft matériel should 
not be judged entirely upon the number of machines 
brought down but rather upon the number turned back or 
diverted from their believed that the 
bursting of high explosive shells within a reasonable dis- 


mission, and it is 


tance of the airplane will have a similar effect in limiting 
the activities of the aviator as the discharge of depth bombs 
has in the ease of a submarine attack. Therefore, the gun 
putting up the greatest quantity of high explosive shells of 
effective caliber in the least time will in the views of some 
most nearly accomplish its mission. 

A comparative table of anti-aircraft matériel is given 
setting forth the ballistics of the various designs. 


U.S.A. ANTI-AIRCRAFT MATERIEL 


anti-aireraft guns as with guns of smaller caliber. The 
3” A.A. Gur 
Name Ped. Mount 
M 1917 
Weight on Road 
Weight of Gun and M 15,280 
Weight of Gun 3,105 
Total! Elevatior 0 +85 
Total Trav 360 
Leveling in any direct N 
Equilibrator None 
Loading Mech type None 
Recoil Mech : type Hydr 
Recoil Lengt! 12 
Mussh Velocity 600 


Length of bore 
Max. Horizontal Rang 


Weight of Projectile 


77, a 3” A.A. Gur 4.7 A.A. Gun 4.7° A.A. Gun 
o A A. Me Motor Carriage Caterpillar) Motor Carriag 
M. of 1917 Mount, M. Trailer Mt Mou: 
; 1920E M. 1918E M. 1920E 
14,085 31,000 35,000 42.000 
9,115 8, 382 18,000 16 
1,966 2,210 6,945 5,115 
10° t R85 St +80 0° to +80 5° t 80 
3600 300 360 360 
~ N 5 
\ Se) | ‘ » © 
\ Pr ¢ P P 
H Hy Hydr I 
c Pne Crs P 
16” 4 36” 14” 
40"’ ad 20” o& 
400 2600 »400 600 
40 50 40 } 
12.140 17.800 16,300 19.975 
15 15 45 


Test of Thompson Submachine Guns 


The Ordnance Department recently tested the Thompson 
submachine gun at Springfield Armory, Mass., and some re- 
markable results were obtained. The object of the test was 
to determine the characteristics of the Thompson submachine 
gun, and particularly its reliability as a weapon of offense 
and defense, its simplicity or otherwise of design and data 
concerning the ease of manufacture and maintenance. The 
following is official data concerning the test. 

Fifteen thousand rounds were fired and the only breakage 
was an extractor. There were no malfunctions. Only four- 
teen misfires oceurred and this was attributed to the run of 
ammunition. 

Thirty per cent. increased and decreased pressure car- 
tridges were successfully fired without adjustment of any 
kind. Split head and split cartridges functioned satisfac- 
torily in the arm without malfunction. 

Though the gun was fired as fast as the magazines could 
be attached in continuous bursts of 1,000 rounds, full auto- 
matically, no trouble in overheating was experienced. (In 


previous government tests it has been determined that this 
arm can fire over 2,000 rounds continuously without over- 
heating. ) 

The regular Frankford service ammunition used, gave an 
average muzzle velocity of 870 f. s. Special ammunition, of 
a slower burning type of the same size and dimensions as the 
pistol ball, gave an average velocity of 1,350 f. s. 

Average rapidity of fire, single shots, semi-automatically, 
using 20-capacity box magazines, was 100 shots per minute; 
using drum magazines, single shots, semi-automatically, 150 
shots per minute. Box magazine by bursts, full automati- 
cally, 125 shots were fired per minute; by drum magazine, 
100-capacity, by bursts, 250 shots per minute were fired. 

The results obtained in the 104-inch submachine gun bar- 
At the longest range 500 
For the 


special high-powered ammunition of the same dimensions as 


rel for accuracy were astounding. 
yards, the mean radius was twenty-four inches. 


the regular government issve, the mean radius is less than 


fifteen inches.—Army and Navy Journal. 











istrict Ordnance Offices 


By 


JOHN R.D 


ELAFIELD 


Member A. O, A, 


[At a well-attended and enthusiastic meeting of the New York P< 


st, Army Ordnance Association, held at the Army and Navy Club, 


New York City, on January 10, 1922, Colonel Delafield urged the early establishment of District Ordnance Offices in a carefully-prepared 
speech which we present below practically in toto for the benefit cf the entire membership of the Association. An excellent dinner, at 
which the guests of honor were Maj. Gen. C. C. Williams, Chief of Ordnance, U. S. Army, Mr. E. A. Russell, during the war Chief of the 


Chicago Ordnance District, and Mr. Waldo H. Marshall, Chairman of 


the Ordnance Section, A. S. M. E., preceded the meeting.  Inter- 


esting moving pictures of the Third Annual Meeting of the Association at Aberdeen and of remarkable demonstrations of speed and obstacle- 
surmounting ability by Holt Caterpillars and Christie Tractors were shown during the evening.—Eb.] 


FTER explaining that his remarks were intended to 
deseribe a tentative plan as a basis for discussion, 
Caqlonel Delafield covered his subject in part as 

follows: 


I think it is fundamental that the work we have before us is 
the real essence of modern warfare. An illustration will make 
it plain. The Roman Legions were the most wonderful troops 
the world has ever seen, but what would have happened to 
them if they came up.against a much smaller body of men 
equipped with our modern munitions. Munitions are the es- 
sence of success in modern warfare, whether it be offensive or 
defensive. We have to have them when we want them and we 
have to have the best because the best are the ones that win. 
Without the best and abundant matériel no nation can win a 
war or withstand invasion. 

As time goes on, the amount and expense of munitions in 
proportion to the personnel constantly increases. Moreover, 
the amount of munitions is a factor of the personnel. The 
Civil War and the last war demonstrate that roughly speak- 
ing, five per cent of the population go into our Army in a 
major emergency. If we number one hundred millions, we 
will have an Army of five million men, and so on. We then 
have to look forward to equipping five million men with what- 
ever they need to fight with and a sufficient reserve. The 
mere idea of equipping that number with munitions to keep 
up an active war staggers the imagination. You cannot grasp 
the idea. It is too vast. 

We shall find that always, regardless of disarmament treaties 
and the like, there will be some sort of a standing organization 
in this country that will require munitions in proportion to 
its size. This and a considerable reserve of munitions, our 
arsenals can supply, but what of the rest when the major 
emergency comes? We have to prepare to arm these five, six 
or eight million men and the arsenals cannot do it and we 
have got to be ready in the least possible time. We had our 
experience in the last war. I need not tell you how long it 
took. You know. The conference on limitation of armament 
has endeavored to reduce the number of war vessels of each 
nation preserving certain ratios. Suppose they do the same 
with the armies, limiting not only the number of troops but 
also the stores of munitions. They say this would make it 
possible for these small armies to fight out a war before there 
was time to create such huge organizations. Say the United 
States is limited to 250,000 men and Great Britain to 300,000 
and France and Germany each to a like number. Could not 
France fight out a war with Germany, and one side or the 
other be victorious before the other could create enough muni- 
tions to arm a large body of men? Perhaps that might be 
so. But how is it with the United States? We are going to 
keep our Navy in proportion to those of the other countries. 
We are separated by the seas and the only country that could 
reach us at all quickly is England through Canada. If we 
go to war with any other country the Navy is equal to hold 
them off and we are going to have time to prepare, that is, 
if we are ready to prepare. We are different from the countries 
of Europe; we are not bordered by other countries as they are 
where the boundary lines may be crossed easily and in a 
few hours. We have a first line of defense in the Navy which 
will give us time to prepare. So whether we limit armament 
by treaty or not we have the same problem, namely to get all 
ready for maximum production of the best munitions the mo 
ment a major emergency confronts us. 

Assuming that we are given the opportunity to do it, the 
problem of munitions preparedness is for us merely a practical 
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one of organization, for Congress will not let us indulge in the 
actual procurement and storage of supplies anything like ade- 
quate to the forces which we would raise, and quickly raise 
and train in a major emergency. It is therefore for us to 
find the most effective means for starting production sud- 
denly in an emergency and securing the most rapid possible 
preparedness. Presumably, what supplies we are allowed to 
keep and store will be fixed by the length of time it takes to 
produce them. Supplies that can be quickly produced will 
not be stored in large quantity. Supplies that take a longer 
time to make will be made and stored in larger quantity in- 
sofar as the appropriations will permit the War Department 
to do so. But no stores of munitions we can make will meet 
the demands of such an army as we will raise and train in 
case of a major emergency, and even these stores will be sub- 
ject to frequent replacement, for the advance of research and 
invention will render many articles obsolete. 

The best that can be done under the circumstances is, it 
seems to me, to so organize that an emergency will find the 
Ordnance Department with a maximum of readiness to initiate 
and rush quantity production. The manufacturers throughout 
the country who are best fitted to do the work should be se- 
lected. This will require not only an intelligent system for 
ascertaining where these manufacturers are, but the first thing 
that will have to be done is to fix the patterns, designs, types, 
ete., of materiel, and get all the necessary data settled. That 
of course, is the function of the War Department, the Ordnance 
Department, in Washington. The next thing will be to make 
some sort of arrangement under which each manufacturer 
selected will commence to work the moment he is told, with- 
out going through the long process of finding out where he has 
to get his machinery, ete., and finally trying to negotiate some 
contract that would prevent his financial ruin when he does 
go to work; then all the specifications, plans and information 
relating to the article to be made must be put into the manu- 
facturer’s hands and he should be instructed in the method of 
manufacture. Then also the principal Ordnance personnel 
required for this production should be selected, informed of 
its duties, and be ready to go to work on notice. Our duty 
is to try to create some system by which these things will be 
accomplished. 

The central control, namely the Ordnance Department in 
Washington, will, of course, be the center from which every- 
thing will have to radiate, whether it is information collected 
in the field and then co-ordinated and sent out again, or 
whether it is plans, orders or information created in the 
contral control. Everything will devolve upon the Ordnance 
Department in Washington. They will fix the types of the 
various munitions, and all the instrumentalities required for 
their making. One of their functions will be to know the 
localities where each article will be manufactured. They will 
have to maintain tabulations of information to help them in 
this kind of thing. 

The experience of the last war, however, showed that the 
best results as regards production are obtained by having men 
in supervision and in control who are located near the manu- 
facturers and their plants, who thus keep in close touch. 
That can only be done by establishing units in different 
parts of the country where the production is to go on and 
letting these units keep in touch and report back to the cen- 
tral office in Washington. That was the method throughout 
the war. How successfully it worked out, most of us know 
from having witnessed the results. In fact these units were 
so successful that it is generally believed it would be wise to 
enlarge. their functions by giving them also the work of mak- 
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ing anid negotiating the contracts for production, and the plan 
here outlined assumes that they will have this to do as well 


gs the things they did during the last war. In time of peace 
the functions of such a unit would not involve actual produc 
tion, except perhaps on a very limited scale, but their duty 
will be the arranging and maintaining of all things so that, 
when ordered, production will commence with the least pos- 
sible delay and be carried through with the utmost speed. 

Now the problem before us in the organization of each 
local unit. With regard to the District Urdnance oftice for 
New York, it seems to me that such a district should have a 
single head; a man through whom the touch with the Ord 
nance Department is maintained; a man who has the respon- 
sibility and management of the District and of the District 
Office, and who sees that everything is co-ordinated in his 
district; that methodical control is kept in his distriet, and 
who keeps the Ordnance Department informed of all pertinent 
matters in his district. Such men as the very able District 
Chiefs we had during the war would be ideal for such posi 
tions. I believe also that this leader should have the benefit 
of the advice of the biggest men of the industries in his dis- 
trict. He should have something equivalent to the Board of 
Directors of a large institution. He should have a group of 
leaders of his district to whom he could go and get their ad- 
vice. Their practical suggestions from their own. experience 
will be invaluable to him. He must maintain a complete and 
continuous set of books of records and statistics and must have 
a permanent staff to attend to that. 

General Williams has given us the very interesting sugges 
tion and hopes that we may get an Army officer assigned to 
our New York office, and that would immediately establish a 
vermanent and constant personnel in the District Office. How- 
ever, it will require the assistance of certain clerical help 
which will be indispensable. The District Chief should also 
have such legal advice as he desires. In the District Office 
there must be maintained a complete set of loose-leaf property 
and account books in which every tentative contract should 
be entered immediately and the books kept in readiness to go 
on with actual production. Someone in fhe District Office 
should understand them. In regard to the contractor: It 
seems to me that there should be some personnel in every office 
with a special knowledge of the munitions that are to be con- 
structed. Men who can go to the manufacturers and their 
employees and can tell them what may be expected of them; 
can explain the various parts, models, drawings and_ instru 
ments that may be put in their possession, tell them what ma 
chinery is best suited for their production and where to get it, 
and to a certain extent keep up their enthusiasm and make 
them realize individually that the Army and the Country are 
depending on them. Such a man should also keep in touch 
with the industries to suggest to the District Chief any new 
enterprises, and he in turn can inform the Ordnance Depart 
ment. General Peirce has said that he thought the District 
Office might be divided in sections according to the character 
of the materiel to be produced. I think that is a desirable 
form of subdivision. There should be special chiefs under 
the District Chief for each particular kind of munition to be 
produced. There need not, of course, be sub-chiefs for muni- 
tions not produced in the district. It seems that such assis 
tant chiefs would be of a great aid and they would each take 
the responsibility to the District Chief for their particular 
line of activity, and the District Chief in turn to headquar- 
ters in Washington. It has been suggested that these assis- 
tant chiefs may to advantage communicate directly with the 
chiefs of the corresponding divisions of the Ordnance Depart 
ment as to all technical matters. Whether this would be 
wise will depend upon the cireumstances in each district. 
Personnel for these sub-chiefs will generally be the best if 
obtained from among the officers and civilians who had ex 
perience and training in the last war. 

While not so certain of the following, I think there is an- 
other factor which might be considered. It is the factor of 
keeping in touch with the manufacturers. It seems to me it 
might be well if there were attached to the District Office 
engineers or men of equal training, living in the localities in 
the district where there are manufacturing plants, whose duties 
it will be to keep in touch with the industries where they live; 
to know how the plants are operating; in a general way to 
know whether they are kept in the same condition as when the 
tentative contracts were first made with them. <A manufac 
turer might change his product altogether and change his 
equipment and, unless this were reported, it would escape the 


attention of the Ordnance Department. The engineering 
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schools of this country are turning out men every year who 
would be glad to take up work of this kind and follow right 
in line for the benefit to themselves gained by taking part in 
such an organization. Such men would also report when new 
industries came into the locality. 

I might make it more plain by outlining how such a Dis- 
trict Office might operate. The Ordnance Department at Wash- 
ington determines the design, type and quantity of munitions 
required and informs each district. The district investigates 
and reports back to Washington the facilities for manufac- 
turing which the manufacturers in their district have. The 
Ordnance Department then allocates to each district the kind 
and amount to be manufactured in case of emergency. The 
District Chief then selects the different manufacturers in his 
district according to the kinds and quantity of matériel to be 
manufactured by each. With each one of these manufacturers 
he negotiates and enters into a revocable, tentative contract 
for such production. Such a contract that when the emer- 
gency comes the manufacturer does not stop to dicker as to 
what the price will be and the many other things that comes 
up in the making of a contract, but when the order comes he 
immediately commences to prepare for and to put out the 
work. One of our worst wastes of time is in negotiating con- 
tracts. A tentative contract can be made that will suit the 
ease and one that will start production and get things going 
till there is time to negotiate more detailed and more strin- 
gent contracts after the production is well under way and the 
manufacturers have experience in what they are doing. The 
form of contract should be in the nature of a cost contract 
with some kind of sliding profit which would increase in pro- 
portion as the cost of production diminished. However, the 
working out of such a contract will require especial attention 
and is a matter of detail requiring more time to outline than 
we can give this evening. 

After a contract has been made with the manufacturer, 
all the details, specifications, drawings, formule, etc., are 
put in his possession and if they are confidential they are 
given under certain restrictions, The experts from the Dis- 
trict Office instruct such of the personnel of the manufacturer 
as it may be deemed necessary in the manufacture of the 
articles assigned. The production experts being fully informed 
as to the requirements which each of the manufacturers must 
fulfill, keep in touch with these manufacturers to know that 
they maintain themselves in readiness for the work, and also 
keep on the lookout for additional manufacturers or means of 
production and report their investigation at intervals to the 
District Chief. The District Chief, in his office, supervises 
the work, systematizes all tmformation and reports received; 
transmits all essential information to Washington. The con- 
tracts are entered on the property and account books in the 
District Office. The Chief of Finance should be consulted 
and proper finance books for disbursing officers should be 
opened and every one of these tentative contracts should be 
entered so that the entries for production will continue in the 
same books without interruption or delay. With the aid of 
his Advisory Board of business men of position, the District 
Chief arranges for the placing of tentative contracts 
from time to time and for changes as circumstances may 
require. 

With such a system, an emergency would find the Ordnance 
Department ready to rush quantity production. In the first 
place, the manufacturers would have been selected and the 
capacity of each would have been ascertained. The designs, 
patterns, specifications, drawings, formule—everything for 
the manufacture would be definitely fixed and decided upon 
and in the hands of the manufacturers so there would be no 
delay or doubt as to exactly what was to be made. The manu- 
facturer would know what he was to do and what he was to 
get to enable him to do his work and where to get it. He 
would have been instructed. The manufactirer would have 
an agreement with the War Department under which he would 
start to work immediately. The proper personnel of the Ord- 
nance Department to attend to the production and other neces- 
sary functions would have been selected and would be there 
on the job. Everything could start with the minimum amount 
of delay. Of course, in such an emergency the personnel would 
have to be increased, but here is also another advantage in 
the district organization. The Ordnance Department in Wash- 
ington might not know, but the District Board knows how to 
judge each man, for they have the local information. 

To accomplish this plan suecessfully will reequire the assis- 
tance of the War Department in two respects. The personnel 
other than those already in the Officers’ Reserve Corps, will 
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be mostly engineers or men of equivalent training and will 
not be paid, but will do their work because of patriotism and 
for the incidental advantage to themselves and the connections 
and acquaintance they will form. For them the reward should 
be commissions in the Officers’ Reserve Corps, given them after 
they have shown their ability and zeal. These should be fol 
lowed by promotions where the quality of service justifies it. 
The effective carrying out of the plan also depends upon en 
tering into a suitable, tentative contract with each manufac- 
turer chosen. The War Department should establish a form 


of contract that will enable the manufacturer to prepare for 
and to start production as soon as he is notified without any 
delay negotiating for prices or inquiring where he will get 


his equipment. Such contract should be so worded that the 
Chief of Ordnance may withdraw it at any time before work 
is commenced so that he may substitute another manufac 
turer or another form of contract or make such other change 
as he sees fit. I understand that the War Department now 
has a committee engaged in drafting forms of contracts and 
I suggest that we ask the Chief of Ordnance to eall this mat 
ter to their attention. 


Discussion by Mr. E. A. Russell 


I agree with Colonel Delafield that we should have the 
industrial plants in such shape as to take care of an emer 
gency. Whether or not we can go to an industrial organiza- 
tion and say we want to make a tentative contract, and that 
later on we will make a price on this tentative contract, is 
another matter. As a manufacturer I cannot imagine anyone 
coming in and making a tentative contract with us. But, 
we would be willing to tie up to the Ordnance Department 
and say, ‘‘ Yes, if anything happens we are with the Ord 
nance Department,’’ and that’s what I want the District 
Offices to do—tie up the Ordnance Department with the indus- 
tries. Get an agreement that if anything happens they are 
going to work for the Ordnance Department. The District 
Chiefs know, or should know, what the concerns are capable 
of making and have it understood that they are going to make 
this or that article. 

It is of the greatest importance that orders be properly 
placed; every concern should manufacture that with which 
they are more or less familiar. There is no use giving to a 
blacksmith something that requires a thousandth part of an 
inch tolerance—he knows nothing about such things. There 
were many instances of misplaced orders as, for instance, I 
know of a firm that made five thousand of a certain article 
before they made one right. With the organization outlined 
by Colonel Delafield, this would be obviated and would prove 
very succesesful if we could carry it out. 

The tying up of different manufacturers to do a certain 
kind of work would be like going to a firm of lawyers and 
giving them a retainer fee. We are in better position now to 
do this, as we ean tell the manufacturers fully about the 
case; they will know exactly what we want done and can pre- 
pare themselves so that, when called upon, they will have 
studied the case and will be ready to start on the work. With 
the district organization, as outlined by Colonel Delafield, the 
Ordnance Department would be in a position to get matters 
under way with the least possible delay; therefore, would be 
of great value. 


Discussion by Mr. Waldo H. Marshall 


I find myself in a position about half way between Mr. 
Russell and Colonel Delafield as regards the work a district 
organization should do, but before I discuss that matter, I 
would like to go back to some of the other phases of prepared- 
ness. Colonel Delafield said the outlook is rather discouraging 
for the keeping on hand of a sufficient amount of serviceable 
material in preparation for war. I believe it will be diffi- 
cult to get the money for this, but it should be done. We 
have a good start through material left over from the past 
war, but it is largely a question of maintaining what we have 
and keeping it fairly up-to-date. We all know how long it 
takes to create new production on many items of ordnance 
material. Any program of preparation is wholly inadequate 
that does not provide a store of materials for immediate use. 
We who have been in the service and now are civilians are well 
fitted to convince those who must unloose the purse strings 
that that sort of preparedness is necessary and, individually 
or collectively, it may be one of our tasks some time in the 
near future. 


5h ee an 
Colonel Delafield’s outline of the whole scheme of prepay, 
ness I should savy might be summarized briefly as folloy 
First: Have the supplies of reserve material on land, # 


you ean get them. 

Second: Have all plans thoroughly prepared for produetigg 
in case of war, and 

Third, and last: Put those plans into action when tli 
geneyv 

The first two involve preparation in time of peace and th 
third is following out in war what the other two make pg 
I am sure that the experience that we have all had 
know the 


emer, 


arises, 
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sible. 
durjng the war is fresh in our minds and we 
acter of the officers in charge of Ordnance. We have y 
doubt that the first and second items will be carried oy 
unless greatly hampered by inadequate appropriations. 4& 
far as.the plans of organization, the preparation of design 
and so on are concerned, I think a great deal has been dom 
The Ordnance Department has a complete outline of orgayj. 
zation. I have had the privilege of studying it and it seen 
to me they have pretty well corrected the things that wer 
not quite right as the organization stood at the close of th 
war. For instance, in the organization of the district offig 
as contempiated, they would function very much as we say 
them function in 1918, but with three important 
one change being that procurement would be done locally ty 
a large extent. That was not so in 1918 but the district offies 
performed practically everything else except procurement, anj 
the relief that came to Washington and to contractors gen 
erally, when inspection, production and finance were distrib 
uted through the districts, is‘ almost beyond belief. When | 
went to Washington, the wires were hot, the trains 
crowded and the hotels could not take care of the number of 
people coming in daily. When these district offices wer 
formed there were millions of dollars due contractors but 
unpaid simply because it was a physical impossibility to do 89, 
But after they had been operating a reasonable time, I think 
not more than four months, I made a trip that included five 
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change, 


were 


or six district offices and I did not find one that at the close 
of a business day had over $100,000 unpaid unless there were 
some inaccuracies in the documents. These offices were ead 
paying out many million dollars per month. There was 4 


corresponding improvement in the handling of inspection and 
production. 

Another change in the organization is the combining of 
inspection and production. I think that is very important. 
We had inspection and production independent of each other 
during the war. At one plant there were often two repre 
sentatives with equal authority. That not organi- 
zation. Furthermore, the production man’s job was to get 
maximum production and the inspection man wanted it up 
to a certain standard and there was delay and friction. By 
combining the two there will be one representative at a con- 
tractor’s plant who will speak for the whole Ordnance organi- 
zation and he will see that the maximum of ma- 
terial is obtained. The third change in the organization as 
contemplated is to make departmental divisions in the office 
along material rather than along functional lines, and I think 
on the whole it is a wise decision. I mention these matters 
because to my mind in considering preparedness, we want to 
profit by the experience of 1917 and 1918 and eliminate in 
advance any difficulties that we found were serious at that time. 

When it comes to the question of being ready for large 
production when the emergency arises, I find it rather difficult 
to picture to myself a district office functioning in time of 
peace in any very extensive way. I do not mean that if we 
could get it done, it would not be ideal. But as a nation we 
are not militaristic and our citizens are going to forget the 
difficulties we had in getting under way. They will clamor 
for the reductions of appropriations and trust to luck for 
the future. With that mental attitude in the country, I do 
not see how we can go so far in preparedness as has been 
advocated here tonight. However, I think it can be done to 


was good 


serviceable 


some extent. 
I am going to assume that all drawings, specifications, 


forms of contracts, etc., have been carefully prepared so that 
there is not any question of what is wanted and how to get it. 
The best method of manufacture ought to be known. 

Taking each important article of ordnance to be manu- 
factured, would it not be possible to pick out the one best 
manufacturer for each article and arrange with them pilot 
contracts which can be put into operation promptly in 
of hostilities. The plans and specifications, the method of 
manufacture, preparation of fixtures, ete., would all 
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Boat- Tail Bullets 


By 


GLENN P. 


WILHELM 


Member A. O. A 


ROM time immemecrial it has been considered sound 

tactics to obtain the longest possible range with all 

missile weapons of war, as it is sound tactically to 
have a weapon which will outrange the corresponding enemy 
weapon. For ages the attempt has always been made to 
have the projectile travel as nearly as possible in a straight 
line. This, of course, would only be obtained with an 
infinite velocity so that the higher the muzzle velocity the 
more nearly has a right line been approximated for short 
ranges. If it were possible to shoot in a straight line all 
range finding, sight setting, fire control tables, ete., would 
be eliminated and the danger space as ordinarily defined 
would be continuous. 

Of course special weapons have been designed to use 
curved fire over obstacles, such weapons being mortars, 
howitzers, grenades, ete. No one, however, has ever ex- 
pected the same weapons to serve both purposes, as they 
are obviously different in principle. 

The range of weapons has been increased, from time to 
time, by inereasing the weight, the muzzle velocity and 
by new and :mproved methods of projection such as the 
use of rifling and by improvements made in the shape of 
the projectile. Up until recently the greatest advance in 
progress has been made by improving the shape of the 
point or forward portion of the projectile. It has been 
shown that the most premising method of increasing the 
range of the present infantry weapons, particularly the 
machine gun, is along the lines of changing the shape of 


the base of the bullet so as to decrease the resistance of 


the air. 

The present series of articles has already indicated the 
great flatness of trajectory of boat-tail bullets (bullets 
having a tapered, streamline rear portion) beyond a range 
of about 1000 yards. Elevation eurves have been shown 
for ranges as great as 3000 yards with photographs of the 
impact of the boat-tail bullet in sand at ranges as great 
as 5000 yards and with comparative photographs of im- 
pact of the service bullet in sand at 2500 yards. There 
has also been shown photographs of the splashes of the 
impaet. of the boat-tail bullet in water at about 2200 yards 
compared to the service bullet at the same range. 

The service bullet is probably effective insofar as caus- 
ing a casualty (if it struck a vital spot) at ranges as great 
as 2500 yards. In faet, during the course of the experi- 
mental firing, a sergeant observer, who, over confident of 
the ability of the range crew to control the location of the 
burst from a Browning Machine Gun, had remained out- 
side the bomb proof during the firing of a ranging burst, 
was struck in the fleshy part of the ankle by a direct hit at 
a range of 2200 yards. The bullet passed entirely through 
the ankle and bulged the skin on the opposite side, from 
which it was later easily removed, leaving a very super- 
ficial wound. However, at ranges greater than about 2000 
vards it is exceedingly diffienlt to hit even the largest and 


most vulnerable of machine gun targets, due to lack of 
control over the bullets. At greater than 2500 
vards the bullet will not bury itself in the hard sand. On 
the other hand, the boat-tail bullet is well under control 
at nearly twice the ranges for service ammunition and 


ranges 


such a bullet on hard sand will continue to ricochet up to 
ranges nearly as great as 5000 yards. 


Countries 


in Other 


History of the Boat-Tail Bullet 

Omitting from consideration the attempts of 
vestigators of the flight of projectiles previous to the in- 
vention of the modern cartridge case, the history of the 
boat-tail bullet originates with the experimental work 
carried out by a French Commission during the years 1894 
to 1897. This work was the basis upon which they made 
the change from their old blunt-nose cylindrical body, 
square-heeled, Model 1886, bullet to their present bi-ogival, 
Model 1898, Balle-D. 

In general, the Commission’s method of investigation 
consisted of making up brass bullets (turned on a lathe) 
having variously proportioned head and tail ogives, and 
different. points and bases. These they fired in rifles hav- 
ing different barrel characteristics and then studied the 
resulting velocity, trajectory and accuracy, giving a proper 
consideration to the powder charge and the atmospheric 
conditions. The trajectories were usually compared by 
measuring the height of their ordinates at 50 meters on a 
paper sereen when firing at 1600 meters range. 

These experiments were probably the most complete of 
those of any nation up until the World War and the 
efficiency of the work can be seen from the fact that this 
bullet was ased by the French and, to a great extent, by 
the United States for machine guns during the war. It 
was probably the most effective machine gun bullet used by 
either side with the possible exception of the development 
by the Germans of a somewhat similar long range machine 
cun bullet in the latter stages of the conflict. 

Our objections to the French Hotchkiss machine gun 8 
mm. bullet are that this type of bullet has too great a 
weight, will not give the maximum effective range possible 
with the flatness of trajectory desirable at short range, nor 
is its aeceuracy up to American marksmanship ideals. 
Moreover, it is not considered suitable for manufacture in 
large quantities in time of war as compared to a jacketed 


early in- 


tvpe of bullet. 

The adoption by the French of a boat-tailed bullet so 
far back as 1898, undoubtedly stimulated the interest of 
other nations in the possibilities of this type of bullet, 
Iut judging from the lack of results it is probable that 
the majority of them considered the manufacturing diffi- 
culties insurmountable in view of the inaccuracy of such 
type of bullets with no appreciable advantage except that 
of long range. Particularly the merits of the boat-tail 
bullet were overlooked, due to the fact that the ranges at 
which it showed superiority over flat-base bullets were 
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greater than those ordinarily considered to be of use in 
battle. 

It will be noted that the French in their tests used a 
range nearly as great as 1800 yards. Now most investi- 
gators of the characteristics of the boat-tail bullet con- 
tented themselves with firing at ranges not to exceed 1000 
yards. As a result of such experiments, it was predicted 
that the boat-tail bullet was little if any superior to flat- 
base bullets. Other investigators presented long winded 
mathematical, theoretical deductions to show that the boat- 
tail bullet would never be of use except in weapons having 
the very highest velocity, as the vacuum at the base of the 
bullet was only formed at high velocities and that, there- 
fore, this type of bullet would only be efficient at corre- 
spondingly high velocities. 

Several other nations, particularly Switzerland and 
Sweden, have adopted boat-tail bullets, while during the 
war the majority of German small arms bullets were 
boat-tailed. The Swiss rifle team in 1913 used a boat-tail 
bullet with which they were able to defeat the American 
team at a range of 300 meters. Probably the most ef- 
ficient and highest developed form of boat-tail bullet in use 
by any nation at the present time is that of the Swiss. 


History of the Boat-Tail Bullet in the United States 


The Borden Brook experiments showed that ‘the French 
Hotchkiss machine gun greatly outranged the Browning 
machine gun with service ammunition but that the Brown- 
ing could obtain corresponding ranges te the Hotchkiss 
by using very heavy bullets (around 200 grains) with 
either a flat base or with slight boat-tail made by erimping 
or swaging the hase. 

It was not until some Swiss ammunition was fired in 
Florida that it was realized the tremendous difference in 
range between a highly developed boat-tail bullet and a 
flat-base of about the same weight and muzzle velocity, 
although the boat-tail bullet was already well known in 
this country. As a result of this discovery or rather as a 
result of the attention invited to the great superiority of 
the boat-tail bullet, experiments were immediately started 
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Curves 1 and 2. Elevations for flat-based and boat-tailed bullets 
at muzzle velocities of 1500 f. s. 
Elevations for flat-based and boat-tailed bullets at muzzle 
velocities of 2600 f. s. 


Fig. 1. 


Curves 3 and 4. 


for the purpose of developing this type of bullet. Boat- 
tail bullets were made up with various weights and shapes 
and fired in different kinds of barrels at various muzzle 
velocities in order to determine whether the Swiss had ob- 
tained a boat-tail bullet so superior that it could not be 
improved upon. 


Comparison of Boat-Tail and Flat-Base Bullets. 


Experiments in Florida proved that a 175 grain boat-tail 
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bullet at a muzzle velocity of 2400 f. s. would require no 
more elevation for a range of about 1900 yards than g 
180 grain flat-base bullet with the same forward profile or 
point but with the extremely high muzzle velocity of 2909 
f. s. The same comparison between these two bullets but 
with the flat-base bullet having a velocity of 2600 f. s, 
showed they both had the same elevation at about 1300 
vards. 


Likewise the superiority of the boat-tail bullet showed 
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Fig. 2. Long Range’Elevations for boat-tailed and flat-based bullets a 


muzzle velocities of 2600 f. s. 


up in comparison between the 175 grain boat-tail with a 
muzzle velocity of 2600 f. s. as compared with 180 grain 
lat-based builets at 2600 and 2900 f. s. The boat-tail 
bullet followed the trajectory of the flat-based bullet at 
2600 f. s. up to 600 yards beyond which it required less 
elevation. The flat-based bullet at the higher velocity had 
the lowest trajectory up to about 1000 yards beyond which 
the boat-tail was superior. 

Of course at short ranges there is little or no difference 
between the various types and it is even possible that the 
lack of showing made by the flat-base bullet at 2900 f. s. 
was due to lack of gyrostatie stability. 

In order to show the relative effeet of the point and 
base of a bullet, a test was fired with the Krag type of 
flat-base bullet weighing 220 grains and having a round 
nose or ogive (instead of the more modern, sharp ogival 
point) as compared with a similar type of bullet having 
a boat-tail base but weighing 175 grains. 

The muzzle velocity of the 220 grain bullet was 2000 
f. s. while the muzzle velocity of the 175 grain bullet was 
considerably greater, being 2600 f. s. Tests at Borden 
Brook Reservoir had previously shown that when two flat 
based bullets were fired at long range the heavier bullet al- 
ways obtained the greater range even though the lighter 
bullet had a mueh higher initial velocity. It was then fair 
to presume that in this test the heavy 220 grain bullet at 
ranges as far as 2000 yards should require less elevation 
than the hign velocity 175 grain bullet. 

Actually, however, the reverse was true as when both 
bullets were fired with an elevation of 100 mils the heavier 
bullet had a range of slightly under 2000 yards while the 
lighter boat-tailed bullet ranged to about 2450 yards or 
a difference of 450 yards with the same elevation. 

Upon computing the elevations for a 220 grain boat- 
tailed Krag bullet, it ean be shown that the elevations of 
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such a bullet will coincide up to a range of about 300 yards 
with the elevations for the regular Krag bullet while with 
100 mils elevation the bullet with the boat-tail would out- 
range the other by about 350 yards. 

Figure 1 and Figure 2 may elear up the reason why the 
true merits of the boat-tail bullet remained unrealized so 
long. Fig. 1 graphically shows the following results: 

A comparative test was made of the flat-based and boat- 
tailed bullet at both high and low velocity. For this pur 
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Photographs of flat-based and boat-tailed bullets in flight 


Flat-based bullet at 2600 f. s. 
Boat-tailed bullet at 2600 f. s. 
Flat-based bullet at 1152 f. s. 
Flat-based bullet at 912 f. s. 

Boat-tailed bullet at 960 f. s. 


Fig. 3. 
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pose two bullets were chosen with the same profile except 
for the tapered base of one. The flat-based bullet weighed 
170 grains while the boat-tailed bullet weighed 175 grains. 
Curve No. 1 and eurve No. 2 flat-based and 
boat-tailed bullet, respectively, at a muzzle velocity of about 
1500 f. s. The points for this elevation curve were ob- 
tained by firimg conducted with the Mann Rest and 
measuring the angles of departure for shot-groups of five 
shots each at ranges of 200, 400, 600, and 800 yards. Since 
the boat-tailed bullet weighed five grains more than the 
flat-based bullet, it would probably lose velocity most 
slowly as the range increased but there would be no such 
difference in elevation as is shown here. This is particu- 
larly true as both bullets had the same powder charge so 
that the boat-tailed bullet probably had a little less velocity 
than 1500 f. s. The main thing to note is that the boat- 
tailed bullet required less elevation right from the start 
and that this difference kept on increasing in its favor. 
Curves No. 3 and 4 with the two 
bullets at equal muzzle velocities of 2600 f. s. In this 
test in which No. 3 is the flat-based bullet and No. 4 the 
boat-tailed bullet the two bullets show no appreciable dif- 
ference in elevation at ranges up to 400 yards and even at 
1000 yards the difference has become only about 5 minutes 


show the 


shows the same test 


of angle. 

From this test it is apparent that at high velocity the 
flat-based bullet and the boat-tailed bullet require about the 
same elevations but that at low velocities the boat-tail re- 
quires by far the least. It must therefore be apparent that 
the resistance of the air and the amount of velocity lost 
by the bullet is equal for the two types at high velocity 
and much less for the boat-tail at the lower velocities. 
However this test was fired only at a comparatively short 
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range from the point of view of the machine gunner and 


it will be neeessary to refer to Fig. 2 to trace out the 


comparison to the longer ranges. 

Figure 2 shows the comparison between two ealiber .30- 
175 grain bullets, both having a muzzle velocity of 2600 
f. s. with the same model 1906 profile for the forward por- 
tion but one having a flat base and the other a boat-tail 
These data were cbtained by firings at ranges be- 
yond 1000 meters. Curve No. 1 is the elevation curve for 
the boat-tail bullet while No. 2 is for the flat base bullet. 
This figure graphically illustrates the big difference in 
the elevation required for long-range machine-gun firing 
by the two types of bullets, as the same elevation of 400 
mils gave the boat-tail by about 1300 
meters (1425 yards). 


base. 


a longer range 


Another characteristic of flat-based and boat-tailed bul- 
lets has been noted in experimental firings. On account of 
air resistance, causing a partial or perhaps a complete 
vacuum in the rear of a bullet moving at high velocities, 
it is accompanied by a sharp erack or report which is 
distinet from the sound of the discharge. This crack ap- 
parently disappears at a range of about 1200 yards for 
service ammunition, and at ranges as great as 200 yards 
the sound of the bullet can barely be distinguished as a 
low buzz or whiz. For service ammunition the noise of 
discharge catches up with the bullet at a range of about 
1500 yards. The decreased resistance of the air to the 
boat-tail bullet appreciably increases the range at which 
the foregoing phenomena takes place. 


A Theory of the Cause of Superiority of the Boat-Tail 
Bullet 


The foregoing discussion deals more or less with facts. 
It is now proposed to enter into a theoretical discussion in 
an attempt to account for these facts and particularly to 
try to explain why the boat-tail bullet outranges the flat- 
base bullet and why this ranging efficiency apparently takes 
place at low and not at high velocity. 

To do this will necessitate a discussion of the medium in 
which these phenomena take place, viz., air, which is highly 
elastic and which transmits all sudden pressures with a wave 
motion characteristic of such a medium. 

The bullet in its passage through the air displaces it in 
every direction; the resistance offered by the air to this 
displacement depends upon the shape of the bullet and 
its rate of motion, and is much greater for those bullets 
having a high than a low velocity, as it varies approxi- 
mately as the square of the velocity for the larger portion 
of the trajectory. The phenomena attending the rush of 
the bullet through the air as shown by photographs of 
actual bullets in flight are somewhat as follows: 

The bullet in displacing the air forms lines of different 
air density which flow from the bullet at various angles 
depending chiefly upon the speed of the bullet. See Fig. 
3A and 3B. From the nose of the bullet comes the “head 
wave” or wave of compression. From the base there is the 
Immediately behind the base of the bullet is a 
rarefied air space or so called vacuum which oceupies a 
distance of a fraction of an inch. In the rear of this 
there is a track of air whirls composed mostly of heated 
air while between the head and tail waves are the com- 
pression waves caused by the rotation of the projectile. 


tail wave. 


Compression waves or sound waves in air are found to 
certain definite velocity 1100 feet per 
second. At the point of the projectile, the density of the 
compression wave is the greatest while the vacuum at the 
base of the bullet begins to form slightly under 1500 feet 
per second and is retained at all higher velocities. 
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Figure 3 shows several views of flat-based and boat- 
tailed bullets in flight. These photographs were taken at 
I’'rankford Arsenal by the metallurgist, Mr. George A. 
Miller, Jr., and are used in this article through the 
courtesy of Col. Townsend Whelen, Ordnance Department. 

Figure 3A urd 3B show respectively the flat-based and 
boat-tailed bullet at about 2600 f. s. <A study of figure 
3A and B shows that the head and tail waves of both types 
of bullets are similar. Naturally it would be expected that 
the head waves would be the same, as both bullets have 
the same forward profile and are traveling at the same 
velocity. However, the interesting fact is that the shape 
of the base docs not eliminate the tail wave or appreciably 
alter it. The only detail that is noticeably different in 
the two photographs is the decreased width in the path of 
air whirls in the rear of the boat-tail bullet. Between the 
eddies of heated air in the rear of the bullet and the base 
of the bullet itself, there is also a deerease in the width of 
the so-called vacuum, although it will be noted that ap- 
parently there is at least some of the vacuum area extend- 
ing along the tapered base of the bullet. 

Other photographs taken at Frankford Arsenal show 
that a taper of six degrees on the boat-tail with a length 
of about one-third of an inch will give the same character- 
isties at the base of the bullet as any higher taper al- 
though a less taper than about six degrees will not ap- 
preciably alter the conditions observed around the rear of 
a flat-base bullet 

When photographs are taken of flat-base and _boat- 
tail bullets at lower velocities, the path of the air whirls in 
the rear of both bullets appear to be identical, particularly 
as the velocity decreased below about 1500 feet per second. 

Figure 3C shows a flat-based bullet at a velocity of 
1152 f. s. A little distance back of the bullet is a wave 

which is probably a sound wave due to the powder gases 
coming from the muzzle behind the bullet. Sinee the 
bullet’s velocity is about that of sound, this wave trails 
after the bullet but is overtaking it, as it does not ex- 
perience the retardation that the bullet does. There is 
also a wave crossing the bullet which is similar to the 
wave in the rear and is just visible at the edge of the 
photograph and which must also be due to sound. That 
these two waves are caused by the powder gases from 
the discharge or some cause other than the bullet is further 
shown by the fact that a similar picture in which the 
bullet is traveling 1145 f. s. shows these waves slightly 
more in advance as the sound is gaining on the bullet which, 
being taken at a slightly slower velocity than the one in 
figure 3C, allows sound wave to gain a little more distance. 
Figure 3D is a photograph of the flat-based bullet at 

912 f. s. while Fig. 3E is the boat-tail bullet at 960 f. s. 
‘There are no waves in evidence around these bullets as the 
sound waves previously shown are probably past the bullet. 
The wake of heated air eddies in the rear of each bullet is 
apparently the only disturbance in the air which is visible 
and the intensity and diameter of this wake in both bullets 
is apparently about the same. 

Other photographs show that the higher the velocity, the 
sharper the angle made by the lines of air resistance and 
also that the shape of the point, depending upon whether it 
is rounded or sharp, alters to an appreciable extent the 
shape of the n.se of the wave. For sharply pointed bullets 
the point projects slightly through the head waves. 

The conclusions drawn from the study of these photo- 
graphs are along the following lines: At very high veloe- 
ity, i. e., around 2000 fect or more per second, the shape 
of the base of the bullet apparently is immaterial in so 
far as the intensity and character of the head and tail 
waves are concerned. Both bullets are probably subjected 


to very great 1¢sistance due to the vacuum which is formed 
in the rear of each bullet, but there is nothing to indicate 
any superiority of the boat-tailed bullet in this respect. 

At lower velocities (less than 1200 f. s.), insofar as 
these photographs show, there is also noted no apparent 
difference in the air phenomena surrounding each type of 
bullet. In faet, if there is any difference between the 
two bullets it is at high velocity, as the wake in the rear of 
the boat-tail bullet for a short distance in the rear of 
the bullet is apparently of smaller diameter than the one 
in the rear of the flat-base bullet. 

Figure 1, however, shows that by actual firing the air 
resistance which is met by the two bullets at high velocity 
must be approximately equal as the trajectories are nearly 
identical up to a range of 600 yards. ‘he same figure 
shows on the other hand that, with muzzle velocities of 
1500 or less i. s., the air resistanee for a boat-tail bullet 
must be considerably decreased over that of the flat-base 
bullet. : 

It is therefore evident that the phenomena shown in the 
photographs are not conelusive, in that they fail to show 
the motion of the air with respect to the two bullets unless 
the air is heated or is under a relatively high compres- 
sion. 

All tests of aetual firings have shown that the two 
trajectories for bullets of similar weight and velocity are 
nearly identical for the first few hundred yards, beyond 
which ranges the boat-tail bullet rapidly obtains the flatter 
tiajectory. ‘Therefore, there can be no question of the 
relative effect of the head and tail of the bullet, although it 
has been reasoned that the greater remaining velocity of the 
boat-tail bullet which is apparent as the range increases is 
due to the efficiency of this bullet at the shorter ranges. 

That these conelusions are sound is borne out to a certain 
extent by the following quotations from Naval Ordnance 
Pamphlet No. 422, ealled “Air Phenomena 
with the Flight of Bullets,” published in September, 1913: 


in connection 


‘*By reversing the bullet (flat-based service type) a long 
smooth tail is provided and one might expect all eddies to be 
eliminated by this expedient. This is found not to be the 
case, however. 

‘Tt is perfectly obvious, however, that 
not eliminate the tail wave at high velocities; 
the two tail waves is not greatly different from those in figure 
26. Then as far as the tail wave is concerned, greatly dif- 
ferent changes of shape have very little effect at high veloci- 
ties. 

*‘*At still higher velocities. the tail wave becomes more like 
the head wave, regardless of the shape of the base.’’ 


a tapered base does 
the average of 


It is also noted with interest the following statements 
contained in the article py G. F. Hull, on the 
of “The Experimental Determination of the Forces on . 
which was published in the May-June, 1921, 
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sub jeet 


Projectile,” 


issue of the These statements are as 


follows: 


‘These curves also show that for low velocities (V — 200 to 
250 meters per second) the force due to the air does not de- 
pend very much upon the form of the nose, but that it does 
depend very critically upon the form of the base. Thus, boat 
tailing a projectile 9° cuts the foree in half for V 200 m/s. 
At low velocities the 9° boat-tailing is rather better than a 
7° or a 5° but this advantage soon disappears as the velocity 
increases. Our curves suggest, though they do not in any way 
prove, that at high velocities the retardation of a boat-tailed 
projectile is not much less than that for a square base. 

‘*Tf the area of the base is decreased by boat-tailing, and if, 
as our measurements show, the suction also decreases, then 
the force due to the base is greatly decreased and the total 
force on the projectile is similarly affected.’’ 


It must be borne in mind that the data upon which these 
statements are based were obtained in tests in which the 
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locity did not exceed from 600 to 800 feet per second. 
Conclusions. 


In any ease, whether the flight photographs are cor- 
rectly interpreted or not, the facts are as follows: 

1. The boat-tailed bullet outranges the flat-based at ex- 
treme ranges to the extent of approximately 50 per cent. 

2. At short ranges, at high velocity, boat-tailed and flat- 
pased bullets follow nearly the same trajectory. 

3. The point or forward profile of the bullet is appar- 
atly the most important characteristic for high velocity 
allets at short range. 

4, The tapered base is the greatest factor for the pur- 
pose of increasing the range. 

5. The eritieal velocity in the flight of a bullet is around 
that of the velocity of sound, i. e., about 1100 f. s. The 
resistance of the air and other phenomena connected with 
bullet flight appear to undergo considerable change as this 
velocity is reached. 

The possibilities of the flat-based bullet have apparently 
been about fully realized, as reeent developments have 
made little or no improvements in either the accuracy or 
the range. On the other hand a tremendous progress has 
recently been made in the manufacture of the boat-tailed 
bullet and it 1s certain that the greatest efficiency possible 
has not yet been achieved with this type of bullet. 
Further research along the lines of shape, weight, balance 
and spin are desirable and it is probable that the present 
achievements. cf small arms bullets will be considerably 
exceeded both in regard io accuracy and range. 

It is well known that the majority of the present types 
of boat-tailed bullets are more or less unstable, giving 
prints on paper targets that indicate tipping or wabbling. 
The most remarkable fact in connection with this is that, 
in spite of the poor balance of the bullet, it still retains 
tremendous ranging powers. : 
Another pertinent point is that the greatest ranges have 
heen obtained with boat-tailed bullets having tapers of 
from 9 to 12 degrees with a length of taper of about one 
third of an inch. The experience with larger projectiles 
does not corroborate either this length or degree of taper 
and it may be that there is some other faetor which pro- 
duees the inereased range other than the increased tape 
Insofar as accuracy of small arms bullets is econeerned, 
the best design so far produced apparently requires that 
the degree of taper be not over about six degrees ‘and the 
length shorter than one ealiber. When more data is avai! 
able on the effect of redistributed weight and a better bal- 
ance has been obtained either in this way or by changing 
‘ 
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is 


be gone into with these manufacturers, not omitting the prob 
able form of contract. Now if this is done either through 
a mere skeleton of a district office of the main office in 
Washington, there would have been pilot contracts arranged 
for practically every important article required; the manu 
facturer would know exactly what was wanted and it would 
be possible to immediately start production under each pilot 
contract. 

If there is a skeleton of a district office, the district chief 
Wisely chosen and leading men selected in advance, that or- 
ganization can be immediately expanded and can funetion 
satisfactorily with very littie delay. After the so-called pilot 
contracts have all been placed, additional contracts can follow 
tapidly because in each case, it would be a matter of copying 
what had been done in the exeeution of these pilot contracts. 
I am of the opinion that such a limited program can be 
carried out in time of peace and that if is it done thoroughly 
and well, the rapidity with which activities could get under 
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the spin, then the determination of the exact length aud 
degree of taper will be facilitated. 

Finally, the relative effect of the nose and base of bullets 
may be summed up as follows: 

At high velocities, over 1500 f. s., the shape of the 
point is probably the most important as the shape of the 
base is relatively insignificant due to the fact that it may 
be moving in a rarefied air area, and the air resistance is 
governed by the maximum cross section of the bullet, the 
area of the rarefied air section being somewhat proportion- 
ate to this. However, at low velocities the reverse is prob- 
ably true and the shape of the base is the principal factor 
in air resistance, although at very low velocities this may 
not be entirely true. 

The proof of these statements is based on the following 
reasoning: The vacuum at the base, as has already been 


t 
1 
} 
i 


shown, oceurs only at high velocities (above that of sour). 
Yet the inerease in range only occurs to an appreciale 
extent at those ranges at which the bullet is no longer 
traveling faster than sound. Therefore, the vacuuin is 
not the cause ef the lessened air resistance and the evnse- 
quent inerease in range. Moreover, the shape of the 
tail at high velocity apparently neither appreciably affects 
either the range or the vacuum. However, as soon as the 
bullet is reduced in velocity down to that of sound, the 
air begins to close around the base of the bullet and then 
is when the shape of the base is of the utmost importance 
with regard to the amount of resistance. 

It may be likened to a boat which, if dragged at high 
speed (several hundred f. s.) through the water would 
throw out such huge bow waves that the shape of the 
stern would have little or no effect as little water would 
be there to effect it. But as soon as the speed was de- 
creased sufficienty the water would again close around and 
the shape of the stern would be the main factor. 

The airplane designer in the construction of struts for 
the plane takes this into consideration when the strut js 
made thick in front and tapering toward the rear for, of 
course, the plane only travels at a comparatively low velocity 
when compared to a bullet. 

It is therefore evident that one of the most efficient uses 
of the boat-tail bullet should be in weapons of low muzzle 
velocity, as then the entire trajectory would be flattened 
and the effeeiive range increased. This would inelude all 
weapons of the pistol and revolver type as well as the 
majority of the sporting weapons. However, the use of a 
hoat-tail bullet with arms requiring the use of lead bullets is 
at present out of the question due to the impracticability of 
preventing a lead bullet from being deformed when passing 
through the bore and thus ruining its ballistic efficiency. 


way would be amazing. Furthermore, it should appeal to 
the imagination and patriotism of the relatively small number 
of individuals, firms and eorporations who would be involved 
in this peace-time preparation for war, for the reason that it 
would be an honor to be placed oa such a list. These indi 
viduals and corporations would be chosen with deliberation 
and care in time of peace to perform important duties in 
emergency of war, and on such suecessful performance would 
rest the safety of the nation. To be placed on that list is 
a mark of ability, efficiency, integrity and willingness to co 
operate that is a badge of honor as great as any decoration 
that could be conferred, and if properly viewed should do 
much toward securing that co-operation and interest which is 
necessary for the success of the plan, 

This is my picture of the activities of the Ordnance De- 
partment in its preparation for war in time of peace, and the 
District Office in my opinion should at the most be a mere 
skeleton of an active organization and should not be expected 
to undertake activities involving co-operation and work on 
the part of our citizenship to a greater extent than is neces- 
sary to properly follow out the detail of this general picture. 























































Life of Machine-Gun Barrels 


IRING of a machine gun causes fine cracks to appear 


in the surface of the bore. These cracks progressively 


W. W. SVESH 


Mem! 


PART II. CRACKING OF 


By 


er A 


THE SURFACE OF 


inerease in length, depth, and width with the number 


of rounds fired, as shown in Fig. 11, which growth is ae- 
companied by increased area of the surface of the bore 
being exposed to the high temperature. In 


effect of heating 
upon the walls of 
the eracks will be 
observed. 

From a study of 
the eracks in the 
bores of a number 
of machine-gun 
barrels it was found 
that the cracks are 
better developed 
and more numerous 
at the breech end, 
as this is the point 
where the temper- 
ature is at a maxi- 
mum. From the ex- 
amination of longi- 
tudinal sections of 
gun barrels fired it 
was found that the 
effect of cracking 
was at a maximum 
at a short distance 
from the origin of 
rifling and not at 
the origin, as one 


would expect. As 
firing is earried 


further, the bore is 
more rapidly de- 
stroyed at this 
point than at other 
portions of the bar- 
rel. It is believed 
that this condition 
is due to the facet 
that the stream of 
hot gases leaving 
the cartridge is 
partially deflected 
by the shoulder and 


neck of the shell. 
Thus it is only 
natural that they 


are directed toward 
a point at some dis- 
tance from the 
origin of rifling 
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Fig. 11.—Part 1(gun barrels Nos. 1, 
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breech 
spiral-longitudinally in the grooves and transversely on t 
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Cracks at the sharp junction of 
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lands, as shown in Fig. 11. 


Longitudinal sections of 


barrels after firing different numbers of rounds. 


(a) Cracks in lands 
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grooves 


(c) 


Juncture 


toward 


E BORE 


where a maximum temperature is reached. 
shown in Fig. 11, barrels 4, 5 and 6. 
The cracks decrease progressively in depth and extend 
muzzle. 


the 





machine-gun 


cracks 


This effeet jg 


The majority rm 


the lands _ ani 
grooves usually am 
more pronounced 
and continue w.- 
broken throughout 
the length of the 
barrel toward the 
muzzle, and often 
appear in these see- 
tions of the bor 
beyond a point 
where other cracks 
seem to have disap- 


peared. On the 
other hand, all 
other cracks having 
the same _ longitu. 
dinal direetion in 
the grooves are 
broken or discon- 
tinuous. The de 
struction of the 
lands, that is, low- 


ering caused by the 
abrasive action of 
the bullet, is great- 
er than the erosion 
on the 
caused by the abra- 


rrooves 


sive action of gases, 
but the eracking 
the lands is 
what less than that 
in the 
(See Fig. 
rels 1, 2, 
point “a,” 
and point “b, 
grooves. ) 
Various ex pl 
nations have been 
offered to account 
for the  develop- 
ment of eraecks in 


some- 


crooves. 
11, bar- 
and 3, 


lands, 


the bore of fired 
gun barrels. At 
extract from the 
theory ot Prof. 


Tschernoff, based 
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he p! ( of heat, 1s given in « ! neitu al expansion ot tl does not occur, being 
or he yers 
‘ bila iin t ( I b ( I the « ve rs 
or du of the | rained b eral u ie 

n t! uy ( 
ering cone, and on the cone itself at the origin of th | nds, ho r, do have opportu to expand 
rifling. Examination . i ‘ etion he expansio ipon 
of gutta-percha im As ecu eo ongitudinal contraction 
pre ssions shows that 1 a 7 << ‘ Ss not occur on the body oO he lands. At the other ex- 
these spots are made “ \_* Ay yo tte reme, the metal at the surface, which has been highly 
up on networks of ' b Z heated, tends to contract equally in both longitudinal and 
small cracks, extreme i Soa gel gy - oo ~ - transverse directions, but the great longitudinal stress which 
ly fine and very shal- ks in the bore of a gun is thus set up upon cooling in the surface layer is beyond the 
low. As a rule, the meshes of these nets are not closed in elastic limit of the previously heated metal, so that it cracks 

the incipient stage (Fig. 12 a); but as the firing is con transversely. 

tinued, the little isolated cracks extend, joining the neighbor This explanation affords some comfort in endeavoring to 


ing ones and forming a network of continuous meshes (Fig. leseribe conditions leading to transverse cracking. However, 
12 b). the greater lateral expansion which the author mentions 

With repeated firing, the little eracks increase in width and should be accounted for. If the explanation of transverse 
depth, but on the centering cone, and at the origin of the expansion accounts for the longitudinal stresses, a similar 
rifling, this increase explanation should 
suffice to account 


for the lateral or 





is particularly no- 
ticeable in the crack 
parallel to the axis 
(Fig. 12 c). The a 
omen of the Gate These, he contends, 
a at ented yeah one = wgengpveneent me me are held within the 
particles of powder 
penetrate between 
the projectile and 
the bore and follow 
the lines of least re 


transverse stresses. 


elastic limit. 

However, the 
surface metal heat- 
ed to the tempera- 
ture which his ex- 
planation requires 
would have ex- 
panded in all diree- 
tions so that par- 
allel  eonditions 
should apply it 
the formation of 
longitudinal cracks. 
The absence of 
pronounced _longi- 
tudinal eracks, and 
the fact that the 
majority of the 
eracks in the lands 
are transverse, ap- 
pears to make 
Tschernoff’s expla- 
nation partially un- 
tenable. 

Differences in the 
direction of the 
eracks in the lands 
and the grooves 
were noted in ma- 
chine- gun barrels 
which had been 
fired for different 
numbers of rounds. 
The same _ differ- 
ences in the direc- 
tion of the cracks 
for the guns of 


sistance, eutting 
them deeper. This 
deepening of the 
cracks parallel to the 
axis of the _ bore 
clearly indicates me 
chanical action of 
the products of com 
bustion. 

On the lands and 
on the edges of the 
grooves, transverse 
eracks or scorings 
predominate as 
soon as a fissure ap 
pears in a plane at 
right angles to th: 
axis of the bore, the 
rotating band of the 
projectile enters it, 
tears away particles 
of steel, and en- 
larges it at each 
shot. The erosion 
sometimes proceeds 
so far as to remove 
the lands completely 
or even to make hol 
lows where the lands 
were. 

Tsehernoff in his 


+ 


explanation of the large calibers were 


the formation of reported by several 





transverse eracks i investigators. It 

the surfaces of the Fig. 11.—Part 2 (gun barrels Nos. 4, 5, 6 and 7). Longitudinal] sections of machine-gun was apparent that 
barrels after firing different numbers of rounds th rack ind ti 

@ cracks ane ne 


7 ° + 
lands maintain tha (a) Cracks in lands (b) Cracks in grooves (c) Juncture cracks 














Fig. 18—Interior view of the gun bore, showing the direction of marks of the cutter of the 
grooves and the lands of the unfired barrel 


machine tool in th 


machine marks from tools were invariably in the same di- 
rection. The machine marks in the unfired 
also transverse in the land and of spiral-longitudinal diree- 
tion in the grooves, as illustrated in Fig. 13. 

This is due to the method of rifle manufacture, 
seen from the following: 


barrel are 


as may be 


The barrel blank is drilled first with a rotating motion 
perpendicular to the long axis, which operation is followed 
by reaming. The motion of the reamer coincides with that 
used in drilling. The lands are made in this manner, and 
naturally from the rotation of the machine tools, marks from 
machining are transverse to the long dimension of the land. 
The grooves are made by moving the rifling head of the 
scrape cutter on a spiral eurve. The operation produces 
machine marks which run in the direction of rifling, which is 
spiral longitudinally. 

This similarity in the direetion of the eracks and the 
machine marks in the grooves and lands would appear to 
indicate that these marks are the starting points of 
Naturally, if 
gun barrel with an absolutely even bore, without rifling and 
with a perfectly 


he hea 
contraction cracks. one fires from a machine 


polished surface, eracks, if any, should 
appear and develop equally on all parts of the surface. O 
the other hand, if ‘the rifled 


marks on the bore, cracks would be expected to originate 


barrel has a surface or an\ 
at these irregularities, such as the corners of the grooves, 
and later at all parts of the bore which in the beginning had 
uneven The most marked of these irregularities 
naturally would be the points at which cracks originate, as 
it is a fact that steel ruptures quickly where there are any 


surtaces. 
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sharp changes of direction in its surface 


The cracks in the grooves and the lands 
follow the path of the 
Once begun they move in the direction of 
least direction 
of the marks made by the machine tool in 
the already defective surface. 


machine marks. 


resistance, following the 
Eaeh shot 
naturally causes the crack to grow larger 
and deeper. It found that the 
cracks in the machine-gun barrel produced 


has been 


by actual firing are sharp ended, as shown 
in Figs. 14 and 15. Prof. 
in regard to the sharp-ended eracks in 
barrels, that if 


Howe stated 


cannon they were deep- 


ened by abrasions of gases, they would be 
round bottomed, and that the spindling of the tracks showed 
that they were opened mechanically. The heat eracks pro- 
duced in the steel by arcing, which extends into the body 
of the metal, are’ sharp ended, as is shown on the miero- 
graphs, Figs. 6 and 9. 
which 


Figs. 14 and 15, start 


from the surface of the land and groove proceeding out- 


Besides the radial eracks, 
ward, eracks also form cireumferentially. Circumferential 
cracks may originate (1) at the junction of highlv heated 
metal with metal heated only to a moderate temperature, or 
») 


at any point subject to the tensional stresses created 
in the expansion and contraction of the steel. The crack 
illustrating (2) is shown in the micrographs, Figs. 15, 16 
and 17. Cireumferential cracks would connect the 
eracks together, thus helping in the destruction of the 
rifling, with an enlargement otf the bore resulting. 

In an effort to obtain a very high finish in manufacture, 


1 
radial 


barrels after rifling was tried by moving a 


“lapping” the 
lead eore whieh fits the lands and grooves through a bath 
follows the 


of flour emery and oil. The “lapping,” which 


rifling in its spiral motion, does not completely remove the 


] 


machine tool marks, in the grooves, as it is in the same di- 


rection. However, moving in a direction perpendicular to 


the machine marks made by drilling in the lands gives a 


better finish. The “lapping” of the barrels, as is the prae- 


tice in manufacture, fails to inerease the lite of the guns. 
It is believed, however, that by an extremely long “lapping,” 
giving a higher polish to the surface, the lite of the barrel 


would be inereased. 


The transverse eracks in the lands appear and extend 





Fig. 14—Cross section af a machine-gun barrel fired 3880 
round, showing cracks running radially from the bore 
Specimen was taken at origin of rifling. ; 


Fig. 15—Cross section of a machine-gun barrel fired 3880 
rounds, showing cracks running radially from the bore. 


Specimen was taken 4 in. from origin of rifling < 6.2 
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Fig. 16—Cross section of a machine-gun barrel after firing 
4000 rounds howing circumferential and radial crac] 
250 
(a) Electrolytic protective layer of copper 


in the same direction as the transverse machine marks: the 
scoring action of the bullet eauses the loss of their trans- 


verse direction with increased number of shots. In the 


grooves, however, the cracks remain distinetly longitudinal, 
agreeing with the direction of the machine marks, as shown 
in Fig. 18. Formine in the machine tool marks, the eracks 
themselves became connected, following the outlines whieh 
already exist between the marks. 


From the above it is understood that most marked irreg 


ularities oceur at the juneture of the lands and grooves, 


and these irregularities produce cracks which are mort 
pronounced than any of the other eracks in the grooves 
(Fig. 48 points “a” These eracks gan be observed eve 
when the rifling of the barrel is spent, and they clearly in- 
dieate the former position of the lands. 

The explanation of Prof. Tschernoff may also be ot 
interest in regard to the origin of these particular cracks. 
He states that the contraction and expansion aet differently 
in the grooves than in the lands in aeeordanee with their 
desien, the lands being heated from three sides, while the 
rrooves are heated trom one side only. The difference in 
contraction and expansion of these two adjoining parts 
might increase the effeet of cracking and help the forma- 
tion of the most pronounced cracks at these particular 
points. 

The cracks in the lands probably develop at the same time 


MACHINE-GUN BARRELS 


ig. 17—View similar to that of Fig. 16 after firing 8000 rounds. X 
(Note complete connection of circumferential cracks, which will cause the 





iration of the piece on continued firing 
(a) Electrolytic protective layer of coppe 


as in the grooves. Difference in the extent of cracking in 
the grooves, where eracks are more pronounced than in 
the lands, is due to the differences in the abrasive action of 
the bullet. The motion of the bullet is perpendicular in its 
direction to the machine-tool marks in the lands; in the 


grooves, however, the motion of the bullet is in the same 
direction with the machine-cutting marks. As previously 
stated, the bullet is in slight contact with the grooves only 
or a limited number of rounds. ‘The lands, however, are 
under considerable friction. One would hardly expect the 
<coring-polishing effeet in the grooves to be equal to that in 
the lands. As a result of these differences in abrasion, 
cracks in the lands are reduced in their lateral dimensions by 
he wearing away of their upper walls. Cracks in the 
ooves are not exposed to the abrasive action to the same 
extent, consequently they are able to develop greater lateral 
penings. If the machine-gun barrels are not fired beyond 
the complete obliteration of the rifling, the difference in 
he color of the lands and the grooves may be noted. Hence 
the bullet lowers the lands with each passage but scores 
(polishes) the grooves at the same time to a much lesser 
extent, and only during a limited number of rounds. Hence 
the formation and growth of eracks in the grooves is not 
retarded as in the lands by the abrasion action of the buHet. 
It is believed that a slight rounding of the sharp junction 
hetween the lands and the grooves as well as the upper cor- 
ners of the lands in the rifling should decrease the suscept- 
(Gontinued on page 316) 





Fig. 18—Interior view of gun bore showing cracks 
Gun fired 


of the machine tool. 








agreeing in direction with the marks of the cutter 


8880 rounds X 2.3 
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The b: stics, th limits of elevation and i ! 
the same as in the 1920 earriage however th itire ea 
and howitzer have been redesigned. 

The new howitzer has a side sliding breeeh block with a Tasker 
firing mechanism mounted on the right side which is operated 
from a mechanism on the carriage. The recoil mechanism is 
of the modified Puteaux type. A east steel tubular sleigh 
supports the recoil cylinder below and the reeuperator cylin 


der above and is provided with feet for engaging the recoil 
slides in the cradle. The recoil and recuperator eylinders are 
permanently seated in a forging at their forward ends. The 
howitzer is inserted in the sleigh and through the forging 
when assembled to the carriage. Lugs in the forging engage 
similar lugs on the howitzer when the latter is rotated 30 


degrees and at which point all the strain of recoil is taken. 
In this manner the entire recoil mechanism is made to recoil 
with the howitzer, thereby inereasing the recoiling weight 


nearly 40 per cent over that of the 1920 earriage without 
increasing the weight of the carriage or eradle pack load. 
This increase in recoiling weight resulted in a decrease in 
piston rod pull of approximately 1600 pounds, 

The cradle has a constant length of recoil of twenty-eight 
inches. The cradle contains the recoil slides and a lug for 
attaching the piston rod at the forward end. The cradle has 
two projecting arms on each sjde which are seated and locked 
to an elevating are on each side. The two elevating ares 
are trunnioned in the upper element of the trail. The tip 
ping parts being pivoted at their extreme rear, balance is 
effected by means of a spring equilibrator located directly 
behind each elevating are and within the trail flasks. 

The elevating mechanism consists of two spur pinions en 
gaging the two elevating ares. A worm wheel is mounted on 
the same shaft with the two pinions and is rotated by its 
worm, one pair of bevel gears and a handwheel on each side 
of the trail. The limits of elevation are —5° to +45°. 

Axle traverse is employed and is accomplished in a similar 
manner as in the 1920 carriage with the exception that a ball 
nut is used in place of the ordinary acme screw thread. <A 
total traverse of 5 degrees is allowed. 

The two trai! flasks are of box section in this carriage and 
are hinged to permit folding as in the 1920 earriage. No 
seats are provided for the gunners. The standard 29-inch 
artillery wheels are used. 

The howitzer and carriage are to be packed in four pack 
mule loads and are: the howitzer, cradle, trail and 
and axle. The standard pack harness with aparejo will be 
used with a redesigned super-frame for accommodating the 
various loads. . 
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Spring Release incorporated in track mechanism of 155-mm. 
Gun, 8-inch Howitzer Motor Carriage, Model 1921.—As orig- 














_ '~ TRUCK PIVOT SHAFT ~~ lle 


| + +4 RONT /OLER SHAFT 
155-mm. Gun—8‘inch Howitzer Motor Carriage, Model of 1921 


inally designed and built, no spring release feature was in 
corporated in the track mechanism of the two pilot 155-mm. 
gun, 8-inch howitzer motor carriages, Model of 1921. The 
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the front truek to rotat ls abo ts axle arm at B 
and 
its proper func 
When the | i 
snow, ete., a compensating additional length of the track 
stretch of the track 
carrying the 


required. lt is impossible to obtain any 





ground sime at portion 1s 


which is on the ’ 
vehicle. The increased tension in the track 


weight of the 
is therefore communicated along the top of the track to the 
front When this happens, if the mechanism should al 
ways as anticipated by the designer, this increased 
transmitted as pressure against the axle 
This shaft center at A being 
truck B a backward thrust 


idler. 
function 
tension would bs 
shaft carrying the front idler. 
above the axle arm of the front 
at A would tend to rotate the entire front truck about B 
as an axis; the link connection at C permitting of the rotation 
of the front truck about its axis at B either up or down. An 


upward rotation of the front truck about its axle arm at B 
as an axis approximates a buckling of the jointed truck 
mechanism and would introduce a considerable amount of 
slack in the track which was considered sufficient to com 
pensate for any loading up of the track shoes. 

The action of this front truck was actually tested soon 
after the completion of this motor carriage by loading up 
the tracks with dirt and crushed rock. The mechanism fune 


tioned as anticipated by the designer and the track satisfae 
torily cleaned itself. 

The packing of a caterpillar track with 
more difficult problem than the packing of the same design 


snow is a far 


of track with mud, sand, dirt, rock, ete. During the past 
winter therefore tests were made at the Aberdeen Proving 
Ground, Maryland, to investigate the action of the track and 
truck mechanisms of this motor carriage when operated in 
deep snow. It was found that the track links continued to 
pack harder and harder with snow from which all of the 


moisture had been extracted by means of the pressing ae 
tion of the sprocket teeth so that it became impossible for the 
track to clear itself of this hard packed snow and ice. The 
front trucks also failed to function in the snow as anticipated. 
While a certain amount of slack was probably introduced into 
the track, it was not sufficient and this condition added to 
the continued loading up of the track links, finally resulted in 
the actual breaking of the track on and the frae 
turing of the casting which retains the idler yoke on the other 


one side 
side. 

From an examination of the accompanying illustration, it 
will be noted that there is a eritical point in the anticipated 
method of functioning of the front truck which would always 
result in breakage of some part of the truck or track mechan- 
isms. It can be that this when the action line 
of the force at A due to increased tension in the track passes 
through the center of the axle arm at B. In this position 
there would be no tendency of the front truck to rotate and 
the power of the motor in the carriage eventually results in 
the snapping of the track. 

As a result of these tests of this motor carriage in the 
deep snow a spring release mechanism has been designated 
in the Ordnance Office and will be incorporated in the front 
trucks of these two motor earriages. The addition of this 
spring release feature in the track mechanism of this motor 
carriage will insure clearing of the track under almost all con- 
ditions of operation. It, however, will not insure satisfactory 
operation of this track for long periods in deep snow. 

In connection with the study of these tests in deep snow, 
investigation was conducted of the provisions made by the 
manufacturers of commercial tractors to insure the satisfac 
tory operation of their tractors in deep snow. It found 
that a design of track shoe was used having an almost en 
tirely open tread which eliminates any possibility of snow or 
ice packing between the teeth of the drive sprocket and the 
track links. In addition to this feature of the design of the 
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\rMy ORDNANCE, the following extract from Major R. E. 


“ations secured in . i. ~, 
Carlson’s article entitled ‘‘Tanks With Modern Improve 
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ments,’’ is reprinted below: 
available. The rubber features helped reduce the shock to th The stroboscope as applied to tanks consists of an out cylinder 
vehicle and reduced the noise of the running gear. which revolves at 300 or 400 revolutions per minute In the sides of 
The results gained, however, were at the expense of reduced the cylinder are placed vertical slits havi va width of ay roximately 
life of the running gear. The test records show that thé f pegs ge . a, . A = ly ffm | ee 
motor carriage was in the shop too often considering the narrov so that even though a bullet sho ild hit ‘directly on the slit, the 


mileage between trips to the shop. Forty two percent of the 
failures for all causes requiring work in the shop over a cer 
tain period were for running gear failures. Obviously, this 
condition existing in any motor carriage does not make for 
satisfactory performance. As the practical limit as to light 
ness has been reached in the conventional caterpillar running 





gear, it is believed that the solution for light weight, noiss 
less operation, and high speed must be found in some other 
type of running gear. 

The conventional type of track has always presented a diffi 
cult lubrication problem. In fact it would be better if no 
lubricant were used, since the lubricant merely collects dirt 
and grit which acts as a grinding compound on the rubber 
surfaces. The track shoes must be reinforced to withstand 
road shocks and as they are of cast steel the section is usually 
heavier than necessary considering the strength required. 

The first step in the simplification of the running gear con- 
sists in a new type of truck which will have for its chief 
characteristics, light weight, simple construction and the ab- 
sence of surfaces requiring lubrication. Some experimental 
types of cable mounted tracks consisting of round cable or 
flat rubber and fabric, look promising. A design of this type 
which has recently been prepared in the Ordnance Office may 
be given a try-out on this carriage. This design of track 
which is generally of the cable mounted type has a number 
of novel features which should very materially improve the 
track performance and pave the way for a departure from 
the conventional type of track construction. It will be pos 
sible with this construction to incorporate rubber pads on the 
links of the track. The pads will be easily replaceable with 
out removing the track from the vehicle. When the rubber Strobosocope for Tanks 


pads are worn down, the track will function without them, 
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hind the wheel. The stroboscope operates on exactly this same prin- 
ciple. The retina of the eye will hold an image for approximately 
1/10 of a second, and if sufficient slits are put in this outer revolv 
ing cylinder and the cylinder turned at a speed so that a new slit 
will be presented before the line of vision of the eye within the time 
period of 1/10 of a second, practically continuous observation will 
be obtained. 


Visibility tests to determine the clearness and consistency of 
vision will be made with this installation, followed by firing 
tests to determine the amount of protection afforded the Tank 
Commander. Indications are that the device will be far 
more satisfactory in these respects than any heretofore tested. 
The accompanying photographs were made in Shop M, Rock 








Identical Photographs 
Right: Through Revolving Stroboscope 








Left: Clear Vision. 


Island Arsenal, looking down the craneway one from within the 
stroboscope and the other with clear vision from approximately 
identical positions. The time of exposure for both views was 
the same—seven minutes, the shutter opening was identical and 
both plates were developed in the same tank simultaneously. 

Chronograph Screens.—The Aberdeen Chronograph is de- 
signed to measure the time ‘‘T’’ which elapses while a pro- 
jectile is traveling the distance between two vertical screens 
which are electrically connected to the Chronograph. The 
screens were formerly made by coating each side of a paper 
with tinfoil. The projectile in passing through the screens 
punched a hole through them and generally made contact 
between the tinfoil pieces. 

Considerable difficulty has been encountered in obtaining a 
good contact at the screens due to the flat-nosed slug which 
is used -when proof-firing recoil mechanisms, punching a clean 
hole through the screens. 

A more reliable method has been developed for making 
these screens which has given a satisfactory contact every 
time. Referring to the photograph, A is a sheet of tough 
paper used to hold the strips of tin B and C. The strip B 
lays flat on the paper and is fastened to it by triangular 
tongues punched from the piece. The strip C is also fastened 
to the paper with triangular tongues but does not lay flat for 
its entire width. The sketch of the end view shows the 
manner in which the strip C is bent. 

The top of strip B extends through a slot in the paper shown 
by the dotted lines. This allows the wires in the clamp to make 
contact with the strips of the screen. Each set of clamp con- 
tacts are connected to a wire leading back to the Chronograph. 
The projectile in passing through each screen pushes the strips 

















together and thus closes the circuit. This produces a high ten 
sion spark which punches a hole in a moving strip of paper. 
The velocity of the paper being known it is an easy matter to 
determine the time elapsed between the holes. 
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one Coincidence Target Computer as illustrated in the ae- 
companying photograph. This instrument is a development 
from the Optical Plotting Board manufactured and tested by 
the Coast Artillery Board some time ago. Its function is to 
determine the range and azimuth of a target with reference 
to a directing point from the usual base end stations em- 
ployed by the Coast Artillery. 

The computer shown in the photograph is in no sense a plot- 
ting board, since it does not give a graphical solution of the 
problem and makes no record of its results. The instrument 
shown in the photograph is constructed to a scale of 20,000 
yards to the inch and is capable of indicating range to 
42,000 yards. Both the range and the azimuth are indicated 
on Veeder counters, thus making it unnecessary to read 
scales, as is now the common practice. The azimuths from 
the base end station to the target are likewise stated on Veeder 
counters, making this operation much more rapid and accurate 
than heretofore. 

This computer is absolutely universal in character, or in 
other words, is adapted to any possible location of the base 
end stations from the directing point up to a distance of 15,000 
yards from the latter. Base lines may be changed when de- 
sired simply by setting off the azimuth and distance of the 
new base end stations from the directing point by the micro- 
meters and worms provided. 

Shop tests show that this board is by far the most accurate 
range computing device that has ever been constructed for 
long range Coast Artillery use. While the accuracy obtain- 
able naturally depends a great deal upon the length and 
location of the base line used, an estimate of its accuracy 
may be obtained by stating that with a favorable set-up, a 
range of 40,000 yards was obtained with an error of 8 yards 
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Coincidence Computer 


from the computed result and an azimuth error of consider- 
ably less than 1/100th of a degree. 
This computer was designed at Frankford Arsenal in close 


collaboration with the Coast Artillery Board. The manufac- 
ture of the board was carried out entirely by the Arsenal. 

German Miniature Panoramic Telescope.—Figures 1 and 2 
show a miniature Goerz Panoramic Telescope recently received 
at Frankford Arsenal in a shipment of fire control instruments 
from Germany. * The principal feature is the rotating eye- 
piece which permits back sighting without the usual obstruc- 
tion of vision as encountered in the rigid eyepiece type. 

Figure 1 shows the normal position of the eyepiece with 
the rotating head set at zero azimuth. Figure 2 shows the 
eyepiece rotated approximately 120 degrees from the normal 
position and with the rotating head set at zero azimuth. 

The azimuth cirele is graduated in 100 mil spaces and 
numbered every 400 mils. The micrometer is graduated into 100 
equal spaces, designating the least azimuth reading of one mil. 

The angle of site scale is graduated in two 100-mil spaces 
with lines numbered 1, 2 and 3. The normal position is desig- 
nated by line 2. The micrometer is graduated into 100 equal 
spaces, designating the least angle of site reading of one mil. 
The open sight is of the collimator type and is adjustable 
independently of the tilting head mechanism. 

The reticule is of the glass type and is graduated 50 mils 
to the right and left of the center, with a least reading of 5 
mils. Diagonal line X indicates the center. The etched lines 
are .2 mil thick when viewed through the eyepiece. 
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Fig. 1. German Miniature Panoramic Telescope. Fig. 2 


The optical characteristics are as follows: 


Magnification onsen — i : = 
Focal length of objective ssa eked aclintasn wikcesdiiade ical 2 


Clear aperture of objective ; ‘ 18 
Field of view —-- a -- 12.00 
Exit pupil a ‘ . ‘ ‘ - 13 
Eye distance ~_-- ee sian 68 
Se . idiiiinaataieinadalabiiainds 2 lb. 8 oz 


Semi-circular Protractor, Model of 1921.—There are at pres 
ent in service numerous semi-circular protractors made of 
transparent xylonite. These protractors become inaccurate 
and unservicedble after a short period of time due to the 
shrinkage and warping, a characteristic prevalent in any article 
of celluloid base, especially in the form of a flat sheet. 

The Protractor, Model of 1921, has been recommended 
manufactured to provide a more accurate and serviceable in 
strument than those heretofore issued. It is made of sheet 
German silver .072 inch thick, semi-circular in form, 10 
inches in diameter, and its height is equal to the radius of 
the circle. One oblong and two sector-shaped openings are 











Semi-Circular Protractor, Mode! of 1921 





provided. The fiducial edges of one side (see Figure 1), are 
beveled. The outer circular edge is graduated in mils, 0 to 
3200, clockwise, numbered every 100 mils and subdivided into 
10 mil spaces. The inner or diametrical edge is graduated 
in yards, 0 to 5000, scale 1/20000, numbered every 100 yards 
and subdivided into 20-yard spaces. 

The right angle sides of the larger sector shaped opening 


are graduated in yards, scale 1/10000, numbered every 100 
yards and subdivided into 10-yard spaces. Two adjacent 
edges of the oblong opening are graduated in yards, scale 
1/20000, numbered every 100 yards and subdivided into 50- 
yard spaces. 

The formule: 


M - La x 1000 
WwW 
R = M x 1000 
; Rx M 
W 
1000 


are engraved in the space between the oblong and semi-circular 
edge. 
M—Angle in mils subtended by dimension of target with 
eye. 
W —Dimension of target. 
R— Distance or range of target. 


The reverse side (see Fig. does not have beveled edges. 
The outer circular edge is blank; the inner or diametrical edge 
is graduated in meters, scale 1/20000, and numbered every 
1000 and subdivided into 50-meter spaces. The right angle 
sides of the larger sector-shaped opening are graduated 
in meters, scale 1/10000, numbered every 100 meters and 
subdivided into 10-meter spaces. The two adjacent edges 
of the oblong opening are graduated in meters, scale 1 /20000, 
numbered every 100 meters and subdivided into 50-meter spaces, 

In the center of the diametrical edge a small semi-circular 
cut is made indicating the center of the are, and also to readily 
permit the easy setting of a point to coincide with same. 

The graduated square scales are for use in connection with 
grid maps. 


Watervliet Arsenal Notes 


Shrinkage of 4.7-inch Gun Model 1920 MI.—The assembly of 
1.7-inch gun Model 1920 MI. presented a difficult problem to 
accomplish the assembly of the jacket. The difficulty is due 
to the fact that the jacket is of unusual length in proportion 
to the diameter of its bore; the thickness of wall is also rela- 
tively thin which fact makes the radiating surface unusually 
great as compared to the weight of metal. Added to the 
unusual proportions of the jacket the fact that the jacket has 
to be shrunk over a wire-wound surface for almost its entire 
length introduces another difficulty; it being more difficult 
to refrigerate the gun proper and contract the outer diam 
eter of the wire-wound surface. 

The difficulty in refrigerating is due to the fact that the 
lack of continuity of the metal between the tube and the 
different layers of wire forms zones which retard and make 
less effective the passage of the cooling water through the 
bore of the gun with the result that the heated jacket causes 
the wire-wound surface to expand and come in contact with 
the jacket before the jacket is assembled to its proper position. 

The total length of the finished jacket is about 163 inches: 
the diameter of the bore at the muzzle end being 
The bore of the jacket is composed of four (4 cylindrical 
zones—-the longest being 102 inches in length. The total 
length of the gun tube is 225 inches. This tube is wrapped 
with a series of layers of wire 1/10-inch square extending 


inches. 


from a point 2% inches forward of the breech end for a dis 
tance of approximately 142 inches. 

A shoulder formed by a collar threaded on the breech end 
of the tube 1.5-inch from the end provides a seat for a cor- 
responding shoulder at the breech end of the jacket. The 
assembly of the jacket against the shoulder formed by this 
collar locks the tube to the jacket and assists in preventing a 
longitudinal movement of the tube forward in the jacket. 

It is very important that it be made certain that the 
shoulder is in contact as any longitudinal movement of the 
tube would result in gas leakage due to faulty obturation. 
After the tube had been wire-wound the surface was turned 
smooth to the diameter of the bore of the jacket plus the pre 
scribed shrinkage; care being taken to make the bore of the 
jacket of such size that the proper diameter of the wire-wound 
surface would result with the removal of very little metal from 
the last laver of wire. 


A plug earrving two (2) wat connections—one an inlet 
and the other an overflow or outlet was assembled nto the 
Continued on page 14 
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As an aid to the careful buyer in more closely and scien- 
tifically gauging the VALUE offered in War Department 
surplus stores, the Director of Sales announces the follow- 
ing program for April and May. 

These are only the more important sales. The govern- 
ment reserves the right to make such changes as may be 
necessary. 

Several Buyers in a community often find it advan- 
tageous to share the expense of sending a common repre- 
sentative to these sales. By this method, goods can be 





purchased at a figure most favorable to resale at a profit. 


Future Sales in Project Include : 








Air Service Material: Ordnance Material: 
Curtiss Elmwood Depot, Buffalo, N. Y.; Long Amatol Ordnance Reserve Depot, N. J.; Amatol 
: REBS : 4 Till "i ; Erie ritzer Plant, Erie a 
Island Engine Plant, Americus, Ga.; Richmond, Village, N. J.; Erie Howitzer Plant, Erie, Pa.; 


‘ ‘ : ‘ Picatinny Arsenal, N. J.; Aberdeen Provin 
Va.; Morrison, Va.; Montgomery Repair Plant, s . 


G Ch Fiel %: Carl heagage Ground, Maryland. 
a.; Chapman ield, la.; arlstrom Field . 
- ‘ a ge Spd Q. M. Supplies 
Ga.; Dorr, Georgia; Park Field, Tenn.; Self- a — : ‘ ™ 
ridge Field, Mich.: Fairfield, Ohio: Love Field San Antonio, Tex.; El Paso, Tex.; Camp Grant, 
ld, Mich.; F . : re Field, “ ; 
- oe Ill.; Camp McClellan, Ala.; Camp Jackson, 


as; uston, T S. . a , 
Texas; Houston, Texas South Carolina; Boston, Mass. 




















For full information regarding all War Department Surplus Property Sales, write 


Major J. L. FRINK 


Chief Sales Promotion Section, Office Director of Sales, 2515 Munitions Bldg., Washington, D. C. 
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eqs Selling rogram 
ribo May 


on. Date lace Sales Method Materials Offered Send for Catalogue to 
nt April 3 Frankford Ars., Pz Sealed Bid 155 mm. Shells Chairman, Ord. Salv. Bd 
Frankford Arsenal, Pa 
dd April 3 Frankford Ars., P: Sealed Bids -inch Brass Chairman, Ord. Salv. Bd 
Cartridge Cases Frankford Arsenal, Pa. 
April 4 Hawthorne, Il. Auction Q. M. Supplies Q. M. S. O., Gen. Intermed. 


Depot, 1819 W. Pershing Rd. 
Chicago. 


be April 10 Washington, D. C Sealed Bid Shoes Sales Promotion Sec., 2515 Mu- 
‘April 11 nitions Bldg., Washington, D. C. 
See foot note Atlanta, Ga. Auction Q. M. Supplies C. O., Q. M. Intermed. Depot, 


, Candler Warehouse, Atlanta. 

in- April 19 Norfolk, Va. Auction Q. M. Supplies Q. M. S. O. Gen. Intermed. 

™ Depot, Ist Ave. & 59th St., 

C- Brooklyn, N. Y. 

be April 25 Schenectady, N. Y Auction Q. M. Supplies Q. M. S. O., Gen. Intermed. 
Depot, Ist Ave. & 59th St., 

it. Brooklyn, N. Y. 


April 27 Ft. Mason, Calif Auction Q. M. Supplies Q. M. S. O., Gen. Intermed. 
Depot, Ft. Mason, San Fran- 
cisco, Calif. 
May 4 Atlanta, Ga. Auction Q. M. Supplies Cc. O. Q. M., Intermed. Depot, 
_ Atlanta, Ga. 
May 9 Jeffersonville, Ind. Auction Q. M. ‘Supplies Q. M. S. O., Gen. Intermed. 


Depot, 1819 W. Pershing Rd. 
Chicago. 

May 10 Erie Proving Grounds, Pa. Auction Ord. Material C. O. Erie Proving Grounds, 
Erie, Pa. 

May 11 Chicago, Ill. Auction Q. M. Supplies Q. M. S. O., Gen. Intermed. 
Depot, 1819 W. Pershing Rd. 
Chicago, Ill. 

May 16 New Cumberland, Pa. Auction Q. M. Supplies Q. M. S. O., Gen. Intermed. 
Depot, lst Ave. & 59th St. 
Brooklyn, N. Y. 

May 18 Philadelphia, Pa Auction Q. M. Supplies Q. M. S. O., Gen. Intermed. 

= Depot, Ist Ave. & 59th St., 
Brooklyn, N. Y. 

May 22 Nitro, West Va. Auction Ord. Material Sales Control Com., Nitro, W. Va. 

May 25 Atlanta, Ga. Auction Q. M. Supplies C. O., Q. M. Intermed. Depot, 
Candler Warehouse, Atlanta. 

May 31 Brooklyn, N. Y. Auction Q. M. Supplies Q. M. S. O., Gen. Intermed. 
Depot, 1st Ave. & 59th St., 
Brooklyn, N. Y. 





40 Note change in date of Atlanta Sale from April 13 to April 11. 
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ARTILLERY DIVISION NOTES 


(Continued from page 311) 


breech end of the tube. Before the tube was assembled into 
the heated jacket it was lowered into the shrink pit muzzle 
end up and water connection made to the inlet plug at the 
bottom. The overflow pipe which is assembled in the interior 
of the tube extends from the plug upward to a point slightly 
above the surface corresponding to the muzzle end of the 
jacket when assembled. Water was then turned on until it 
just discharged through the overflow pipe. This arrangement 
was necessary to permit a continuous flow of cold water in 
the interior of the tube and to delay the absorption of heat 
by the tube from the jacket so as to maintain as much differ- 
ence in temperature between the tube and the jacket as pos 
sible as it was expected that the tube with the wire-wound sur 
face would rapidly extract heat from the jacket and cause the 
jacket to grip the tube before assembled to proper position. 

As previously stated it is absolutely essential to maintain 
shoulder contact at the breech end of the jacket and tube. To 
accomplish this it is necessary that the jacket be made to grip 
the tube first at the breech end so that when longitudinal 
contraction takes place in cooling, the slippage of the jacket 
due to contraction should all be from the muzzle and towards 
the breech end of the jacket which should be held stationary. 

To eliminate the tendency of the jacket to come in contact 
with the tube first at the muzzle end where the thickness of 
wall is a minimum, a heat retainer was assembled over the 
muzzle end of the jacket. This heat retainer consisted of an 
ordinary soil pipe which was slid over the muzzle end of the 
jacket against a shoulder about 76 inches from the muzzle end. 
The space between the heat retainer and the jacket was filled 


with coarse building sand after which the jacket with its 
heat retainer was lowered into the electric furnace, muzzle 


end up, and heated slowly through a period of about seven (7) 
hours to a temperature of 750° F: this temperature being 
held for a period of ten (10) hours. See view ‘‘A’’ of ac- 
companying illustration. 

The jacket was then removed from the furnace and lowered 
over the muzzle end of the tube; water b eing circulatd 
through the tube constantly as previously stated. The jacket 
on being lowered over the tube gripped the tube at a point 
about 11.6 inch from its contact shoulder, gripping it suffi 
ciently to support its own weight thus preventing further as- 
sembly. See view ‘‘B’’ for point where jacket gripped. 

It was now decided that it would be necessary to apply pres- 
sure to the jacket if it was to be successfully assembled. 
There was some question however as to whether or not this 
could be successfully accomplished, due to the fact that it 
would be necessary to get a difference in temperature be 
tween the wire-wound surface and the jacket sufficient to move 
it at a pressure not exceeding the elastic limit of the metal. 
It would also be necessary to slide the jacket along the wire- 





These holes were tapped for two (2) 1.5-inch pipe connee. 
tions to be used as water inlets. A plug was also fitted into 
the muzzle end which was tapped for a 2-inch pipe into which 
was assembled a pipe rising to a height which would permit 
the bore of the tube to be filled completely with water when 
in horizontal position. This pipe being used as a water outlet, 

A forging was secured with a bore larger than the diam. 
eter of the tube at the forward end of the jacket and of 
sufficient length to extend from the muzzle end of the jacket 
to a point beyond the muzzle end of the tube to take the back 
thrust of the press. A slot through the side of this forging per- 
mitted the passage of the 2-inch outlet pipe from the plug in 
the muzzle end of the tube mentioned in the previous paragraph, 

A baffle plate of thin sheet metal circular in form the 
same diameter as the wire-wound surface was assembled at the 
breech end of the jacket in order to permit the free appli- 
cation of water on the protruding wire surface without having 
it come in contact with the breech end of the jacket. When 
these preparations were completed the gun was placed in the 
electric furnace and heated as previously described to a temper. 
ature of 750° F. The gun was then removed from the furnace 
and placed in the horizontal hydraulic press; the plugs with 
their water connections were assembled and water connections 
were made to two (2) 1.5-inch inlets and the ram of the 
hydraulic press brought up against the plug at the breech 
end of the tube; a pressure of twenty (20) tons being applied. 
This pressure was applied to hold the plugs against their 
shoulders and to prevent the escape of any circulating water. 

It is necessary that the lapse of time from the removal of 
the gun from the furnace to the hydraulie press be as short as 
possible as there is a large amount of radiating surface and 
the temperature drops rapidly. Therefore it is necessary to 
have all arrangements completed to the minutest detail. 

The gun was removed from the furnace at 9:35 A. M. It 
was in position in the press at 9:40 A. M.; the pressure of 
twenty (20) tons being applied at 9:41 A. M. and water 
circulated through the tube one-half (44) minute later. As 
soon as the water was turned into the tube the pressure on the 
press was increased to forty (40) tons and at 9:42% A. M. 
the tube started to move into the jacket which means that 
after water circulation had been obtained for one (1) minute 
the temperature between the jacket and the tube was of suffi- 
cient difference to contract the diameter of the tube sufficiently 
to nearly break contact. The approximate difference in tem- 
perature necessary to accomplish this result is 100° F. 

In forcing the jacket onto its contact shoulder it was neces- 


sary that the pressure used be limited to that value which 
would not exceed the elastic limit of the metal. It was also 
necessary to continually measure the position of the jacket 


in order to quickly reduce the pressure when the jacket reached 
the contact shoulder as the cross section of the metal at this 
point made necessary a reduction in pressure in order not 
to exceed the elastic limit of the metal at this point te which 














wound surface at the muzzle end for 11.5 inches. This wire the stress would now be transferred. The jacket was in con- 
surface being exposed it would be necessary to cool it quickly tact with the shoulder at 9:49% A. M. As the shoulder came 
without extracting any heat from the end of the jacket. The in contact the circulating water was discontinued and the 
plug was made to fit into the breech end of the tube having pressure in the hydraulic press held to one hundred and fifty 
a shoulder to bear against the breech face of the tube. The (150) tons in order to maintain shoulder contact, as the ten- 
outer end of the plug would come in contact with the ram dency in cooling would be to pull away from the shoulder. At 
of the hydraulic press. Into the projecting sides of the plug 9:50 A. M. the pressure was reduced from one hundred and 
two (2) holes were drilled connecting with a longitudinal hole fifty (150) tons to one hundred (100) tons. The jacket was 
also drilled in the plug. observed to move slightly off shoulder. The pressure was 
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again raised to one hundred and fifty (150) tons bringing 
the shoulders again in contact. This pressure was held until 
11:30 A. M. at which time the temperature of the jacket 
and tube was so nearly uniform as to preclude any tendency 
to change their relative positions. 


Watertown Arsenal Notes 


Courses of Instruction for Officers of the Reserve Corps and 
National Guard.—These courses have for their object the prep- 
aration as thoroughly as possible, with the very limited time 
available, of officers to perform in time of war the duties of In 
spector of Ordnance, shop officers at arsenals, production offi- 
cers in plants of contractors, officers for designing Ordnance. 

The following officers of the Ordnance Reserve Corps were 
assigned February 5, 1922, to this Arsenal for a three months’ 
eourse of instruction: 

Capt. Frank B. Snider, 
Lenoir City, Tenn.; 

Ist Lt. Tillman T. Pierce, 
Tenafly, N. J.; 

2d Lt. Walter H. Montgomery, 
Lewiston, Pa. 

A short synopsis of this course is given below: 

Course A—Basic, 25 days, embracing organization of 
arsenals; a study of the operations of the following divisions 
of the Arsenal: Engineering, Mail & Record, Personnel and 
Time, Allotment and Cost, Balance of Stores and Property, 
and Disbursing; Central Planning Room; Mobile Carriage 
Shop Administration; Seacoast Shop Administration—a total 
of 8 days being devoted to this work. 

To a study of Testing Materials, Specifications and Pyrom 
etry, a total of 16 days was given. 

Course B—Elective, 25 days. This course embraces Metal- 
lurgy and Metallography, 14 days, and further Elective under 
Metallurgical Chemistry; Heat Treatment; or Pattern Making, 
Molding, Melting and Annealing for 11 days. 

Course C—Elective, 25 days, embracing a study of the 
effect of Ordnance material on production, effect of Ordnance 
close limits on production Ordnance tolerances and clearances, 
special fixtures, jigs, templets and gauges. 

Inspection of gun forgings, finished guns, gun carriages and 
armor piercing projectiles. A study of the Manual for In 
spectors, inspection reports and the operations of inspection 
in the shops. 

Observation and study of operations in the Mobile and Sea- 
coast Shops; assembling, gun plant and projectile presses, 
Smith Shop and Foundry. 

It is desired to emphasize this effort of the Department to 
prepare Reserve and National Guard Officers for their duties in 
time of war. It is considered that the results achieved more 
than justify the expenditures made for this instruction, and it is 
hoped that the System thus inaugurated will be expanded next 
year to give this instruction to a greater number of officers. 

Dummy Cradle and Dummy Gun for Checking Interchange 
ability of Cradle on 16-inch Barbette Carriages, Model 1919, 
and Guns, Model 1919 MIII.—In order to ascertain accuracy 
of alignment and interchangeability of the cradles of seacoast 
mounts with the gun mounted therein, means must be pro- 
vided whereby the cradle can be accurately gaged and the cor 
responding surface on the gun must likewise be accurately 
determined to obtain conditions which during recoil will give 
the minimum frictional resistance. 

As the cradle forms the sleeve in which the gun recoils 
when fired, and as this cradle contains or supports all the 
mechanism which controls the recoils and counter-recoil of the 
gun, and is connected to the side frames by trunnions which 
permit the gun to be elevated between limits, the inside must 
be very accurately machined to fit the outside contour of the 
Bronze strips are bolted to the inside and form bearings 





_ 
gun. 


wv 





for the gun to slide on and the gun also carries longitudinal 
keys which fit into corresponding slots in the cradle. 

As the guns are manufactured at the Watervliet 
and the carriages at the Watertown Arsenal, it therefore be 
came necessary to provide a dummy cradle for the Water 
vliet Arsenal in order to correctly align the bronze keys with 


Arsenal 
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Fig. 1. Dummy Cradle 


the holes in recoil band for the piston rods and recuperator 
pull rods, this dummy cradle being shown by illustration Fig. 1. 

To accurately gage and check the interior finished surface 
of the cradle as well as the accuracy of the trunnions, a dummy 
gun was designed and manufactured and is shown on illustra- 
tion Fig. 2. This dummy gun contains projections corre- 
sponding to the keys on the gun and by an end plate con- 
taining holes corresponding to location of the piston rods 
with reference to the keys and axis of the gun, and by screw 
plugs inserted into the cylinders, the correctness of the ma- 
chine work-can then readily be checked. 

At the front of this dummy gun a 5-inch reamed hole has 
been provided into which is inserted an accurate bar which 
projects sufficiently in both directions to take in trunnions 
of the cradle, and by means of bushings sliding over this bar, 
and inserted into bored holes in the trunnions, and by gages 
and instruments, the accuracy of the alignment of the trun- 
nions is thereby determined. 

The advantage of a dummy gun and a dummy cradle can 
readily be seen by the accompanying drawings, as well as the 
illustrations, as otherwise to attempt to fit the gun into the 
cradle and ascertain accuracy would be very laborious and 
an uncertain procedure, due to the weights, that of the gun 
being approximately 385,847 pounds and the service cradle 








Fig. 2. Dummy Gun 





and tipping parts weighing 113,353 pounds, while the dummy 
gun as designed weighs only 12,140 pounds and the dummy 
eradle 17,000 pounds. 

The results obtained by this dummy equipment are very 
satisfactory and the service gun as received from the Water- 
vliet Arsenal aligned and fitted the cradles checked by the 
dummy gun at the Watertown Arsenal, and the keys and key- 
ways and the various holes for the piston rods in the recoil 
band, four being for recoil cylinder piston rods and four for 
recuperator pull rods, aligned perfectly. 
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LIFE OF MACHINE-GUN BARRELS Rogers Birnie Wilford J. Hawking 


Continued from page 


ibility to cracking in these particular points and should prolong Bi ; & H ki 
the life of the rifling fer 2 rosa previously outlined. . nie aw Ins 


This investigation indicates that when a machine-gun barrel 


reaches its life limit its exhaustion is due to a combination of . 7 pens 7 : ; , 
= neeaged yor Barna pan eS 8 . Ordnance and [Industrial Consulting 
the abrasive action of the bullet and abrasion by hot gases, but . : : 
to a greater degree to the former. Engineers 
The author ’s experiments using the electric are show that the 
ranid enoling seh ia due tha larce maas of col ] - — ' 
rapid cooling (which is due to the larg ma of e 1 metal 511 Fifth Avenue New York 
near the highly heated inner surface of the steel) from temper 
atures near the melting point of the metal produces a mar 


tensitie layer. A similar layer is produced in the firing of a 
machine gun, indicating that the temperature conditions for 
the development of martensite can be made by the electric are 


to approach those which occur in the gun under actual fire. DRAIN & DRAIN 


The selective hardening of the steel sets up surface strains, 


James A. Drain Dale D. Drain 


and the surface of the bore is readily cracked on account of the Attorneys at Law 
dimensional changes of the hardened brittle surface of the 
steel resulting from sudden changes in temperature between 7s — : : =~ va 
a va oe aw - tag Wilkins Building, 1512 H Street 
separate shots. The cracks that originate at irregularities in 5 


the surface of the bore, are attributable to the method of 
manufacture of the barrels. 


STANDARD SUPPLY AND EQUIPMENT COMPANY 


Pittsburg Springfield 
¢cAltoona Hartford 


Worcester Trenton 
Philadelphia 


Washington, D. C. 











Irving National Bank, New York 


WOOLWORTH BUILDING, NEW YORK 


1851-1922: SEVENTY-ONE YEARS A BUSINESS BANK 
EVERY MODERN BANKING AND TRUST SERVICE 


Total Resources March 10, 1922, $274,669, 708.74 


LINCOLN OFFICE 


EAST FORTY-SECOND STREET, NEW YORK. 
Opposite Grand Central Terminal 


OTHER DISTRICT OFFICES 


MARKET AND FULTON OFFICE, 81-83 Fulton Street N. Y. 
EIGHTH STREET OFFICE, Broadway and Eighth St., N. Y. 
SHERMAN OFFICE - Fifth Ave. and 32nd St., New York 
FLATBUSH OFFICE -_ Flatbush and Linden Aves., Brooklyn 
BROOKLYN OFFICE -_ - - 350 Fulton Street, Brooklyn 
AETNA OFFICE - - - 92 West Broadway, New Yor 





NEW UTRECHT OFFICE, New Utrecht Ave. and 53rd St 


Brooklyn 
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